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 We examine the relationship between U.S. wildfire resource assignments and fire 
proximity to inhabited areas. Climate change and previous vegetation buildup have enabled more 
severe fire seasons, while more structures are being developed near vegetated, wildland areas. 
These changes have contributed to a steep increase in the overall cost of wildfire management, 
the annual costs of which regularly rise into the billions (NIFC, 2021). Still, the extent to which 
each driver of suppression costs contributes to the increase in spending is not entirely 
understood. Previous studies have shown that more suppression resources are allocated to fires 
near inhabited areas, and it is commonly thought that structure growth into wildland areas is a 
leading cause of suppression cost increases (USDA OIG, 2006). In this paper, we find that 
proximity to the Wildland Urban Interface (WUI) influences resource allocation decisions, with 
a greater influence on resource types that engage in structure protection. We find evidence that 
suggests for many resources the influence of WUI proximity on allocation decisions has changed 
over time. Fire distance to WUI areas appeared to be less influential to resource allocation counts 
in later years but remains important. WUI expansion is likely to continue to increase fire 
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1 - INTRODUCTION 
 In the United States increasingly severe wildland fire activity has coincided with 
increases in fire management costs. Since the end of the 20th century the magnitude of area 
burned by wildfire has enlarged considerably (Calkin et al. 2005; Gebert et al. 2007). In the 
1980s and 90s an average of almost 3 million acres burned annually due to wildfires; and since 
2000, wildfires have burned nearly 7 million acres on average per year, with the 8 worst fire 
seasons in the last 50 years having all occurred since 2000 (NIFC, 2021). Federal annual 
suppression costs in real dollar value rose nearly six-fold between 1988 and 2018 (NIFC, 2021). 
Annual spending on fires has not been less than 1 billion dollars since 1999, and average costs 
are only expected to grow (NIFC, 2021; USDA, 2015). The US Forest Service specifically has 
seen its budget consumed by suppression spending. In 1995, the US Forest Service spent 16% of 
its annual budget on wildfire suppression and mitigation. As of 2015, wildfire management 
consumed over 52% of its budget (USDA, 2015).  Properly understanding the reasons for cost 
growth help fire managers and experts address spending and more effectively manage wildfires. 
 Wildfire economics literature generally identifies three major drivers of suppression cost 
increase: fuel buildup, climate change, and expansion of the Wildland Urban Interface (WUI). 
First, the increase in average fire severity is in part due to an excessive buildup of biomass that 
fuels current wildfires (Carey et al., 2003).  Since wildfires naturally regulate the amount and 
density of vegetation, this suppression policy has allowed fuels to build up across the U.S. When 
large fires occur, they tend to burn more severely and cover a larger area (Arno et al., 2000). 
Climate pattern changes also contribute to more severe wildfires. The increased temperatures and 
changes in precipitation patterns seen throughout the U.S. dry out vegetation and prime areas to 
catch fire (Mercer et al., 2007, An et al., 2015). Abatzoglou and Williams (2016) estimated that 
human-caused climate change caused over half of the documented increases in fuel aridity since 
the 1970s and has contributed to the more frequent wildfires since. Finally, in a period where we 
are seeing more frequent and more intense fires, people are also choosing to live closer to 
wilderness areas where wildfire tends to be a higher risk (Radeloff et al., 2018). The presence of 
residences in the Wildland-Urban Interface (WUI) increases suppression costs near those areas 
as fire managers spend more resources on protecting assets at risk (Gorte, 2013; Gebert et al., 
2007; Bayham and Yoder, 2020). Additionally, increased human activity near vegetated areas 
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further increases the overall risk of fire, exacerbating the costs of wildfire protection (Balch et 
al., 2017). 
The term, “Wildland Urban Interface” (WUI), describes communities interspersed within 
or adjacent to wildland areas (Federal, 2001). Between 1990 and 2010 the WUI grew rapidly in 
terms of the number of homes (30.8 to 43.4 million) and land area (581,000 to 770,000 km2) 
(Radeloff et al., 2018). Research suggests that fire managers divert more resources to protecting 
new and existing structures when fires occur near these areas than when they occur in wildland 
areas where few or no assets are at risk (USDA, 2015; Ellison et al., 2015). The increase in WUI 
has consistently been cited in academic literature as a primary cause for the spending increases 
seen in recent decades (Hammer et al., 2007; USDA, 2015; Ellison et al., 2015). Economists are 
also concerned with inefficiencies and moral hazard that arise from firefighting efforts engaged 
in structural defense. Firefighting efforts disproportionately benefit the few living in high-risk 
areas. Since the government most often bears the cost of firefighting, suppression efforts 
represent a transfer of wealth to a small group of homeowners (Baylis & Boomhower, 2019). 
This guarantee of federal protection may also generate moral hazard, where developers are 
encouraged to build in fire-prone areas, and homeowners do not bear the full risks associated 
with owning such a home (Baylis & Boomhower, 2019). 
Past studies have examined the relationship between structure proximity and fire 
suppression costs, but less is known about how this relationship changes over time. In this 
research, we examine the influence of WUI proximity and overlap on suppression resource usage 
for individual fires and how management decisions regarding WUI protection may have changed 
over the course of a decade. We identify the influence of distance between fire locations and 
WUI areas on resource orders using spatial data and examine the extent to which the influence of 
WUI proximity on resource allocation has changed over the course of 10 years.  
This research builds upon the model of resource allocation for large wildland fires 
developed by Bayham and Yoder (2020). We use data from the Resource Ordering and Support 
System (ROSS) on individual large wildland fires between 2007 and 2017 rather than Incident 
Status Summary (ICS) reports, which many researchers are concerned are inaccurate (Hand et 
al., 2014). ROSS data tracks specific types of resource assignments made and is more consistent 
than the ICS reports. We examine the extent to which resource assignments vary due to the 
proximity and density of nearby WUI areas while controlling for fire environment and supply-
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side effects. We also check for trends to see if the relationship between WUI proximity and 
resource allocations changes over time. This research will contribute to existing knowledge of 
how suppression resource allocation is driven, how to efficiently manage wildfires, and the 
effects of development in fire-prone areas.  
 
2 - LITERATURE REVIEW 
Historic Changes in Wildfire Activity 
The increase in wildfire frequency and severity in the western United States can be 
attributed to several forces that work in tandem. The increase in average intensity is in part due 
to an excessive buildup of biomass that fuels current wildfires (Carey et al., 2003). For a large 
portion of the 20th century, natural wildfire was removed from many managed ecosystems. In 
the 1800s, heavy grazing by livestock removed many fine fuels from the landscape that allowed 
fires to burn (Arno et al., 2000). The use of intentional burning by Native American peoples was 
also stopped. By the late 1800s the natural role of wildfire in the landscape was heavily reduced 
(Arno et al., 2000). In the early 1900s, the US Forest Service began a policy of “total 
suppression.” Any wildfire that occurred was fully suppressed as soon as possible (Reiners, 
2012; Arno et al., 2000). By the late 1930s fire suppression techniques were effective in reducing 
the annual extent of fires. This targeted removal of fires also influenced greater uniformity in tree 
stand age, composition and structure and a declining diversity of undergrowth species (Arno et 
al., 2000). The loss of diversity induces increased physiological stress and a heightened risk of 
insect and disease epidemics in forests (Reiners, 2012). Tree mortality increased which, coupled 
with the lack of naturally occurring fuel removal from fires, results in far greater loads of living 
and dead fuels across landscapes.  
Fires now burn with a greater severity and create correspondingly large masses of heavy 
fuels once the dead timber has fallen (Arno et al., 2000). The Forest Service has been heavily 
criticized for its utilitarian, rather than ecologically oriented management (Reiners, 2012). 
Emerging research in the 1970s on the importance of fire in forest ecosystems prompted fire 
managers to abandon the policy of total suppression, but the damage had been done. Infestation 
and overgrowth fuel large fires throughout the United States (Reiners, 2012; Calkin et al., 2005). 
Most wildfires are still small in area and are allowed to burn or suppressed as needed, but the 
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few that grow out of control can have immense potential for damage. Around 1% of fires 
account for 97.5% of area burned on a yearly basis (Calkin et al., 2005).  
 In more recent decades, climate change has been a leading cause in the intensity and 
frequency of wildfires.  Research has associated higher spring and summer temperatures and 
earlier snowmelt with increased wildfire frequency and severity across longer fire seasons even 
when controlling for land use changes (Westerling, 2006). Higher temperatures and changes in 
precipitation patterns dry out vegetation and prime areas to catch fire (Mercer et al., 2007, An et 
al., 2015). Earlier snowmelt patterns contribute to drier, more combustible forests, and these 
warmer and drier conditions often make trees more susceptible to diseases and pest infestations 
(An et al., 2015). Abatzoglou and Williams (2016) estimated that human-caused climate change 
caused over half of the documented increases in fuel aridity since the 1970s and has contributed 
substantially to the frequency of wildfires since. Climate change also induces changes in 
vegetation regimes which may further fuel wildfires. Liu and Wimberly (2016) modeled changes 
in wildfire regimes based on future climate model projections. Their results indicated that 
climate-driven vegetation change amplifies the concurrent increases in fire frequency and size. 
Short-term climate anomalies (such as droughts) were strongly associated with increases in large 
fire frequency. Critically, climate changes and passive fuel buildup have played off each other. 
Calkin et al. (2005), argue that the length and intensity of wet and dry periods have increased, 
causing large vegetation buildup during wet periods that are followed by hot, dry conditions ripe 
for fire, explaining the long-run increases in fire extent. 
Human activity has also been a key driver of fire ignition increases. Balch et al. (2017) 
argue that humans have expanded the spatial and seasonal “fire niche,” or the general seasonal 
period and areas in which wildfires have been prevalent. This niche can account for 84% of all 
wildfires in the conterminous US, and 44% of total area burned. When compared to natural fire 
ignitions (lightning strikes) human ignitions expand fires into regions with wetter fuels and 
larger fuel loads. Between 1992 and 2012, the length of the human-started wildfire season was 
on average 154 days, over triple that of the lighting wildfire season. Cardille et al. (2001) found 
that for predicting patterns for all fire activity, increases in human access and activity tended to 
be positively associated with both fire occurrence and counts. They also found that for large 
wildfires, lessened human access to an area generally increased large wildfire activity. This may 




The Wildland Urban Interface 
In a period when more frequent and intense fires are occurring, more people are also 
choosing to live closer to wilderness areas (Radeloff et al., 2007). The presence of residences in 
the Wildland-Urban Interface (WUI) tends to increase suppression costs near those areas (Gorte, 
2013; Gebert et al., 2007; Liang et al., 2008). Often, when a wilderness area is threatened by a 
fire it is monitored but allowed to burn naturally. Increased development in the WUI forces 
federal agencies to spend more time and resources protecting these areas (Calkin et al., 2005; 
Calkin et al., 2014; Liu et al., 2008). Adjacency to a wildland area has also been linked to an 
increased risk of fire in that area (Cardille et al., 2001). Kramer et al. (2018) conducted a study 
on the locations of building destruction due to wildfire. They found that 59% of structures 
destroyed were in areas classified as WUI.  
“Wildland Urban Interface'' areas were defined by a report issued by the Federal Register 
in 2001 on fire risk in urban communities (USDA, 2001). They state that “the urban wildland 
interface community exists where humans and their development meet or intermix with wildland 
fuel.” Three categories of WUI are defined. In the Interface Community, groups of structures 
directly abut wildland fuels, there is a clear line of demarcation, and there tend to be 3 or more 
structures per acre. The Intermix Community is an area where structures are scattered throughout 
continuous wildland vegetation, there is no clear demarcation, and development is less than 1 
structure per 40 acres. A third category, the Occluded Community is identified as an area where 
wildland fuels are surrounded by structures. These are uncommon and not often important in the 
context of wildfire suppression. 
A 2006 Office of the Interior audit report (USDA OIG, 2006) of the Forest Service 
outlined the reasons for the increase in wildfire suppression spending. In this report, Forest 
Service staff and managers were interviewed about spending. Most stated that private property 
protection was the primary reason for the majority of suppression expenditures and generally 
agreed that WUI protection is the major cause of escalating suppression expenditures. Some 
reported that between 50-95% of large wildfire costs are directly related to protecting private 
homes and property. The report stated that the wildland fire management program did not collect 
timely or credible information, does not give quantifiable evidence of the increases of spending, 
and does not report any survey methods or specifics from interviews (USDA, 2006). The 
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assertions made may be accurate but deserve more rigorous examination. To date, no extensive 
analysis has tracked how the growth of WUI areas has explicitly influenced wildfire suppression 
cost changes.  
 
Previous Models of Wildfire Expenditure 
Much of the previous work done on wildfire economics has focused on modeling wildfire 
expenses. These models tend to take two forms: one can model the explicit cost of spending on 
wildfire suppression (and perhaps mitigation efforts), or one can model the net value change 
resulting from wildfire events and the costs incurred from preemptive and suppression activities. 
Gebert et al. (2007) developed an influential model of spending on large wildland fires. Large 
fires are commonly studied because they tend to be easy to acquire data on and draw the vast 
majority of suppression resources. The authors model large wildland fires as a function of area 
burned, the fire environment, values at risk, resource availability, detection time, the National 
Forest region, and the managing agency. Most cost models examine wildfire suppression cost as 
a function of the spatial and temporal aspects of a fire environment and the management 
decisions for that fire. 
Inclusion of spatial characteristics in a model is essential. The severity of a fire is heavily 
influenced by its environment; more severe fires require more resources. Fire intensity level is 
highly associated with suppression costs (Gebert et al., 2007). Suppression costs are positively 
and highly correlated with fire sizes and area burned (Calkin et al., 2005). Cost per acre of a fire 
tends to decrease as the size increases. This is likely because most efforts are spent on the fire 
perimeter, which increases less than overall acreage as fire size increases (Gebert et al., 2007; 
Liang et al., 2008; Hand et al., 2014). All else being constant, costs tend to increase 
monotonically with fire area (Liang et al., 2008). Fuel types and spatial distributions can affect 
fire behavior and intensity (Gebert et al., 2007; Hand et al., 2014). They might also influence 
ease of access to the fire location, which can limit resource availability to a fire. In the Western 
US, for example, fuels starting in heavy timber cost 61% more to suppress than heavy brush 
(Gebert et al., 2007).  
Suppression spending can be influenced by managerial decisions and incentives. At a 
basic level, expenditures reflect management decisions to deploy suppression resources when 
responding to a dynamic fire environment. Some strategies may call for aggressive direct 
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suppression efforts to quickly contain a fire, or simply call for monitoring efforts when few 
resources are at risk (Hand et al., 2014). The presence of residencies or other significant 
structures tends to increase costs (Gebert et al., 2007; Liang et al., 2008). Since fire managers are 
mandated to contain fires that threaten lives and structures, they may spend more suppressing 
these fires than would otherwise be warranted (Hand et al., 2014; Donovan and Brown, 2005). 
Gebert et al. (2007) found that in the western US, for every 1% increase in total housing value 
within 20 miles of ignition, the cost per acre of suppression increases by 0.11%. This incentive to 
protect residential structures may lead homeowners to believe they are more protected from fire 
and undervalue the risk of fire when buying a home. The number of residences in the Wildland 
Urban Interface then grows, as do the responsibilities of fire managers (Cohen, 2008). Baylis and 
Boomhower (2019) measured how incident-level expenses increase when homes are built in 
harm’s way. They examined how much expenses increased on average when a structure was in 
danger during a fire incident. When comparing these expenses with a counterfactual (where no 
homes were in danger for these fire incidents) the authors found that firefighting efforts could 
represent a substantial increase in costs. For reference, they found that wealth transfers from 
firefighting efforts in Montana and Idaho were larger than the Temporary Assistance for Needy 
Families programs in those states. These transfers were not regressive, as firefighting efforts 
occurred most in rural areas with low average incomes.  
Donovan and Brown (2005) theorize that there is a disconnect with the current Forest 
Service fire manager incentive structure. Fire managers may not be rewarded for considering the 
potential benefits of wildfire, and there is no compelling incentive to consider the true cost of 
suppression expenditures. Prevalent availability of resources may encourage excessive resource 
use, and current systems encourage risk-averse behavior when dealing with wildfires. The 
political environment may matter as well. One study found that both newspaper coverage of a 
fire and the seniority of Congressional representatives in the district of the fire were associated 
with higher spending on fire management, even when other fire characteristics were controlled 
for (Donovan et al., 2011). Fire spending has been found to be variable over time but does not 
appear to follow a consistent time trend (Yoder and Gebert, 2012). Hand et al. (2014) suggest 
accounting for fiscal year effects when developing spending models. 
Previous models of resource allocation were proposed by Hand et al. (2017) and by 
Bayham and Yoder (2020). The model developed by Hand et al. (2017) describes the decision-
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making process of incident commanders. Fire management is largely decentralized, which leaves 
individual commanders and command teams to make decisions on resource orders and usage. In 
addition, fire managers face a principal agent problem. Managers do not own assets at risk and 
do not specifically bear the costs of firefighting but are expected to effectively allocate scarce 
firefighting resources (Donovan and Brown, 2005). This framework models resource usage as a 
function of manager utility, where managers seek to minimize harm to firefighters, damage from 
a wildfire, and the cost of suppression resources. Fire managers make resource allocation and 
request decisions to minimize losses given specific institutional environments and fire 
environments. They interact with a Geographic Area Coordination Center (GACC), which 
responds to resource requests and attempts to allocate available resources effectively across all 
active fires in a region at a specific point in time. Under these parameters, fire managers order 
resources to maximize utility given fire conditions and under a constraint of overall resources. 
 Bayham and Yoder (2020) further model resource allocation as a two-period 
optimization problem between incident commanders and GACCs who attempt to allocate 
resources to minimize the loss of resources (such structures or key natural resources), firefighter 
risk and overall suppression costs. Incident commanders communicate their need for specific 
resources as wildfires develop, while the GACC command team attempt to efficiently allocate 
resources between existing fires. They analyzed resource requests from individual Incident 
Reports between 2002 and 2010, finding that fires that threaten homes are prioritized by both 
individual managers and regional command units. Resource allocation is also influenced by the 
incident commander’s perception of wildfire growth, which tends to be more influential than the 
simultaneous potential increase in hazard to firefighters.  
This paper expands this analysis using ROSS resource assignment data between 2008 and 
2017. We examine how WUI proximity specifically affects the resource allocation counts of 
different types of resources (crews, engines, etc.). We also examine whether the structure density 
of the nearest WUI area influences allocation counts of resources. Finally, we examine whether 
the influence of WUI proximity on resource allocation decisions has changed over time so. This 





3 - THEORETICAL MODEL 
 Bayham and Yoder (2020) utilize a 2-period model of resource allocation. Under the 
framework, an individual fire manager allocates response resources over the course of a single 
fire. Resources available to fire managers are constrained by allocations decided by regional 
command, while resources available across all fires are constrained by the total number of 
resources available to a region. Information about the marginal value of an additional resource 
on a fire may not be directly conveyed, but rather conveyed through a shadow price using 
allocation data. The regional command unit aggregates information from all incident 
commanders and deploys a limited set of resources to each fire. They aim to allocate resources 
such that the marginal value of an additional resource is equal across all fires. Decisions are 
made across two periods. In the first period, for a single fire, threatened assets are identified and 
available resources are allocated by a fire commander. In the second period, any fire growth and 
asset damages are realized, and all costs are considered sunk. Decision makers strive to allocate 
resources to minimize the expected losses and damages that result from fires.  
 Fire managers seek to minimize the losses that result from a single fire over the course of 
its duration. Managers are agents who seek to minimize total losses that result from a fire. Losses 
in this case are damages to assets (𝑑𝑡), firefighter exposure to risk (𝑓𝑡), and suppression costs 
(𝑐𝑡), realized as time t.  
[1] min 𝑙(𝑑𝑡, 𝑓𝑡, 𝑐𝑡) 
 This assumes the loss function is increasing and concave in each period. Damages can be 
thought of as the realized losses of assets at risk resulting from a wildfire. Potential damages 
increase if more assets are located near wildfires. Damages are expected to decrease as more 
resources are deployed either to protect specific assets or to suppress the fire in general. In this 
case, predicted damages (𝑑𝑡+1) are realized in the second period, and can be expressed as the 
function: 
[2] 𝑑𝑡+1 = 𝑑(𝑣𝑡, 𝑦𝑡, 𝑎𝑡+1(𝑦𝑡, 𝑒𝑡+1)) + 𝜀𝑡+1
𝑑 , 
where 𝑣𝑡 is a (𝑘 × 1)vector of assets potentially at risk at time t. Assets may include homes, 
other structures, watersheds, timber or wildlife habitats that is considered variable. 𝑦𝑡 is a 
(𝐽 ×  1) vector of firefighting resources available at time t. 𝑎𝑡+1 is a function that maps acres 
burned over the interval {t, t + 1}. Acres burned decreases with 𝑦𝑡 and may be either increasing 
or decreasing with the vector of random environmental variables 𝑒𝑡+1 that affect fire behavior. 
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These random environmental variables include vegetation, weather, and topography of the area 
around a fire occurrence. 𝜀𝑑,𝑡+1 is the random component, which is a random variable with a 
mean of zero. We expect that 𝑑𝑡+1 is increasing in 𝑎𝑡+1 and decreasing in 𝑦𝑡.  
 Expected firefighter risk exposure, predicted at time 𝑡 can be modeled as a function of 
available resources and random environmental characteristics: 
[3] 𝑓𝑡+1 = 𝑓(𝑦𝑡, 𝑒𝑡+1) 
 𝑓(∙) is a function that maps the (J x 1) vector of available resources and random 
environmental characteristics over the period {𝑡, 𝑡 + 1}. We assume that 𝑓() is increasing and 
concave, as additional resources are expected to reduce firefighter risk with diminishing 
marginal value.  
 Expenditures on wildfires can be modeled as a simple product of fire resource effort and 
the cost per resource unit: 
[4] 𝑐𝑡 = 𝑦𝑡
′𝑤, 
where 𝑤 is a (𝐽 × 1) vector of prices corresponding to resources. These prices might include the 
wages of firefighting staff, the cost of food and camp supplies, and the rental rate of large 
machines used (such as dozers or engines).  
 Total losses increase with damages, firefighter exposure to risk, and resource costs. At 
the start of the first period 𝑡 a fire manager allocates their available resources to the fire. There is 
a short-term constraint, 𝑦?̅?  ≥  𝑦𝑡.  We now have a constrained optimization problem and 
associated Lagrange multiplier that connects the fire manager and regional command unit. In 
each planning period 𝑡 a fire manager plans to deploy resources 𝑦𝑡 to solve:  
 
[5] 𝐿𝑡 = {min𝐸𝑡[𝑙(𝑑𝑡, 𝑓𝑡 , 𝑐𝑡) +  𝑙(𝑑𝑡+1, 𝑓𝑡+1, 𝑐𝑡+1)]:   
s. t. 𝑦?̅? ≥ 𝑦𝑡} 
 In equation [5] fire managers allocate their constrained set of resources at time 𝑡 to 
minimize expected losses, realized at period 𝑡 + 1. The first order conditions for the fire 
manager’s minimization problem are: 
11 
 
[6] 𝑍𝑦 ≡ 
𝜕𝑙
𝜕𝑐𝑡



















] − 𝜆𝑡 = 0, 
𝑦𝑡 ≥ 0; 𝑦𝑡 ≥ 𝑦𝑡;  𝜆𝑡 ≥ 0; 𝑍𝑦𝑖,𝑡𝑦𝑗,𝑡 = 0 and 𝜆𝑗,𝑡 [ 𝑦𝑗,𝑡 − 𝑦𝑗,𝑡] = 0 ∀ 𝑗 
 
Equation [6] results in a (𝐽 × 1) vector that captures losses that result from resource 
allocation decisions made at time 𝑡. 𝜆𝑗,𝑡 is the Lagrangian multiplier of resource 𝑗 at time 𝑡. The 
first term captures losses attributable to increasing expenditures, the second term captures 
increased risk to firefighters, and the third term captures the expected reduction in future losses 
resulting from current deployment of resources. The Lagrangian multiplier captures the net 
marginal benefit of an additional unit of resource 𝑗 at time 𝑡. This system of equations defines an 
equilibrium for each planning period 𝑡 where 𝑥𝑡 = {𝑣𝑡, 𝑒𝑡, 𝑒𝑡+1, 𝑤}.  
 A regional command unit aims to aggregate conveyed information across all active fires 𝑖 
and deploy resources such that the best value for each resource deployment is achieved. 
Managers convey their need for a resource through a shadow price 𝜆𝑗𝑖. Regional command units 
then allocate each available resource 𝑗 = 1,… , 𝐽 across all fires 𝑖 = 1, … , 𝐼. Once resources are 
assigned to a fire they are assumed to remain committed for an entire planning period, after 
which they may be reassigned. Regional command units choose 𝐼 sets of 𝐽 resources to minimize 




 ∑ 𝐿𝑖,𝑡(?̅?𝑖,𝑡; 𝑥𝑖,𝑡) + 𝛼𝑗(
𝐼
𝑖=1 ?̅?𝑖,𝑡 − ?̅?𝑖,𝑡−1)
2  s. t. ?̿?𝑡 ≥ ∑ ?̅?𝑖,𝑡
𝐼
𝑖=1  
   
𝐿𝑖,𝑡(∙) is the indirect loss function of fire manager 𝑖 at time 𝑡. ?̿?𝑡 denotes the constraint on 
total resources available to the region at a given point in time. An additional term 𝛼𝑗(∙) describes 
the cost of reallocating any resources of type 𝑗. These might include the fiscal costs of 
transporting resources as well as the foregone productivity of those resources as they travel. 
Since the status of wildfires across a region is constantly changing throughout a year, a regional 
command unit is constantly reassessing and solving this problem. We assume that regional 
command units and fire managers share similar information about relevant wildfires and form 
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the same expectations about future outcomes. Regional command units strive to allocate 
resources to solve their first-order conditions: 









≥ 0;  𝑦
𝑖,𝑡
𝑅𝑖,𝑡 = 0 ∀ 𝑖;  







 Equation [8] is a system of equations describing how regional command units might 
evaluate total losses as a function of resources deployed to fire 𝑖 at time 𝑡.  𝜇𝑡 is a (𝐽 × 1) vector 
of shadow prices corresponding to each resource type.  𝑦
𝑖,𝑗,𝑡
 describes the net marginal benefit of 
an additional resource and is equal to a fire manager’s shadow price 𝜆𝑖,𝑗,𝑡. Regional command’s 
shadow price for a unit is equal to the incident manager’s shadow price plus the marginal cost of 
reallocation. Optimal allocation of all resources ?̿? occurs where 𝜇 =  𝜆1 = 𝜆2 = … = 𝜆𝐼 for all 




; 𝑥𝑖,𝑡) with shadow price 𝜆𝑖,𝑡
∗ (𝑦
𝑖,𝑡
; 𝑥𝑖,𝑡). Since we observe suppression resource counts, 
we substitute a vector of shadow prices into the first-order conditions for regional command’s 






; 𝑣1,𝑡, 𝑒1,𝑡, 𝑒1,𝑡+1, 𝑤𝐼,1) + 2𝛼1 ( 𝑦𝐼,1,𝑡 − 𝑦𝐼,1,𝑡−1) =  𝜇1,𝑡 



















Solving equation [9] will result in the optimal overall allocation of 𝐽 resources to all fires 
𝐼 at time 𝑡. In all planning periods, the number of resources of each type dispatched to any 
individual fire 𝑖 is dependent on the expected environmental conditions of that fire, the values at 
risk near that fire, the price of resources at that time, and the sum of those similar variables on all 
other fires −𝑖 burning in the region at that point in time. The equations in [9] imply reduced-
form equations that summarize supply and demand of resources to be committed to a fire: 
[10] 𝑦
𝑖,𝑗,𝑡
= ?̅?𝑗 (𝑤𝑖, 𝑣𝑖,𝑡, 𝑒𝑖,𝑡, 𝑒𝑖,𝑡+1⏞          
𝐷𝑒𝑚𝑎𝑛𝑑 𝐹𝑎𝑐𝑡𝑜𝑟𝑠
, 





) ∀ 𝑖, 𝑗 
 
 Equation [10] describes the total number of resources of all types committed to a single 
fire at time 𝑡. ?̅?𝑗(∙) describes the resource allocation function of resource type j, which depends 
on the fire-specific demand for the resource, the supply of resources in the region (which in turn 
depends on other fires whose managers may be competing for the same resources) and the 
reallocation costs 𝛼𝑗?̅?𝑖,𝑗,𝑡−1. The error term 𝜀𝑖,𝑗,𝑡
𝑦
 captures unobserved differences between units 
of observation. This equation summarizes the link between assets at risk, environmental 
characteristics, the cost of commitment, and the end count of resources committed to a fire.  
 
4 - DATA AND EMPIRICAL METHODS 
Data Description 
ROSS was developed in the late 1990s to support interagency dispatch and coordination 
between wildland fire organizations (National, 1998). Since 2003 it has supported nationwide 
resource dispatch requests. The ROSS data used here was compiled by the Rocky Mountain 
Research Station. It contains records of individual resource requests from 5,288 unique large 
wildland fires. Requested resources include Type 1 Crews (specialized crews who have typically 
received more training than most Type 2 Crews), Type 2 Initial Attack (IA) Crews, Type 2 
Crews, Type 1-2 Engines (large fire engines), Interagency Hotshot Crews (IHCs), Type 3-7 
Engines (smaller fire engines), Type 1, 2 and 3 Helicopters (large, medium, and small, 
respectively), Large Air Tankers, Smaller Aircrafts. Each observation describes the number of 
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resources, the orders filled, the number of that resource currently assigned to the incident, and (if 
necessary) the number of resources that are unable to be filled at that time, generally due to 
overall constraints on resources. Also included are the date of the order, the incident name and 
number, the latitude and longitude of the ignition point, the commanding unit that requested the 
resource, and the fire complexity at the time of request. 
Fire perimeter data is taken from two sources. The National Interagency Fire Center 
(NIFC) provides perimeter data on individual wildfires since 2000. 3,501 individual fire 
incidents were matched with incidents in the ROSS data. In the case that an incident was 
associated with multiple fire perimeter polygons the incident was merged into a single 
multipolygon. The Monitoring Trends in Burn Severity (MTBS) program, run by the USDA and 
USGS, also maintains a database of historic fire perimeters. A further 385 incidents in the ROSS 
data were matched with MTBS perimeters. We narrow our focus to large wildfires that occurred 
in the Western United States, as these tend to behave differently from wildfires in the Eastern US 
(Hand et al., 2014) and drop an additional 326 fires, which narrows our dataset to 2,790 
individual incidents. A tabulation of wildfire counts by region and year is shown in Table 1 
below. Incident-level summary statistics at the fire level are shown in Table 2.  
 
Table 1: Tabulation of Fire Counts by Fire Region and Year 
Region 
Year 
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total 
Central Rockies 11 9 21 33 73 23 9 10 36 6 231 
Great Basin 79 54 99 116 184 136 65 63 116 18 930 
Northern 
California 
49 24 16 11 36 20 25 22 17 29 249 
Northern 
Rockies 
13 12 11 22 49 28 14 60 19 18 246 
Northwest 33 40 22 28 42 39 74 77 48 10 413 
Southern 
California 
38 43 29 33 37 33 29 30 43 42 357 
Southwest 35 57 27 67 42 23 25 22 58 8 364 







Table 1: Summary Statistics for Incidents in Dataset 
VARIABLES N Mean SD Min Max 
Fire Length (Days) 2,790 18.20 25.69 1 375 
WUI Distance (10km) 2,790 0.6874 .8708 0 22.08 
T1 Crews 2,790 3.463 11.07 0 133 
T2IA Crews 2,790 2.776 5.418 0 88 
T2 Crews 2,790 2.395 5.338 0 58 
T1-2 Engines 2,790 4.490 24.57 0 435 
T3-7 Engines 2,790 24.33 43.50 0 700 
T1 Helicopters 2,790 1.669 2.989 0 67 
T2 Helicopters 2,790 2.037 3.484 0 70 
T3 Helicopters 2,790 1.402 1.933 0 30 
Large Airtanker 2,790 3.901 10.39 0 213 
Smaller Aircraft 2,790 3.727 7.131 0 118 
Region PL 2,790 2.694 1.025 1 5 
End Fire Size (Acres) 2,790 10,981 27,864 0.0101 538,151 
Burning Index 2,780 70.14 16.80 0.400 112 
 
End fire acreage burned was recorded for each fire and logged to allow for a nonlinear 
scaling effects of fire size. Previous research suggests that fire costs per acre diminish as a fire 
expands in size (Gebert et al., 2007). Most suppression activities are adjacent to fire perimeters. 
Since fire perimeters expand at a slower rate than area as a fire grows, the per-acre cost of 
wildfires is thought to to decrease as the fire spreads (Smith & González-Cabán, 1987). Schuster 
et al. (1997) explain this trend as the result of economies of scale and unrecorded unburned areas 
within the fire perimeter. Since we also expect that more resources will be deployed to a fire 
early on, we include the number of days since the beginning of each fire was recorded, hereon 
referred to as fire days, for each observation as well. End fire size is related to fire intensity and 
spread variables and is included as a measure of fire environment (𝑝𝑖). 
Burning Index (BI) measures a combination of weather and vegetation characteristics. BI 
information was obtained from gridMET, a surface meteorological dataset that covers the 
continental US and stores daily surface level conditions since 1979 (Abatzoglou, 2021). BI is a 
measure of predicted fire intensity in an area should a fire intersect that space. It is calculated by 
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combining an estimation of an area’s Energy Release Component with a spread component to 
relate fire behavior to the expected effort of containing a fire (NIFC, 2021a). An Energy Release 
Component is an estimate of the potential available energy released per unit area if the area were 
to ignite. It is calculated using wind, slope, fuel bed and fuel particles properties of an area. Day-
to-day fluctuations are caused by changes in the moisture contents of fuel classes. BI has no units 
but tends to be about 10 times the flame length of a fire (NIFC, 2021a). As the average BI of an 
area increases, we expect the fire of that area to be more intense. We observe BI changes at the 
daily level, and average BI over end fire perimeter areas. 
Geographic data are taken from LANDFIRE. LANDFIRE (LF), Landscape Fire and 
Resource Management Planning Tools, is a shared program that provides geo-spatial landscape 
products for the wildland fire management programs of the U.S. Department of Agriculture 
Forest Service and U.S. Department of the Interior. Here we use LF 2010 topographic data on 
slope and elevation is used to control for physical geographic characteristics. Vegetation data 
from LANDFIRE was also examined but found not to be especially influential in resource 
allocation decisions and moderately covary with fire areas’ BIs. We chose to use BI to capture 
vegetation characteristics instead.  
The relationship between topographic variables, fire spread, and resource allocation is 
complex and specific interactions can be difficult to predict. A steep vegetated slope may enable 
rapid fire spread (Gebert, Calkin & Yoder, 2007; Holsinger, Parks & Miller, 2016). More 
complex and varied terrain though can provide natural vegetation breaks and impede fire spread 
(Holsinger, Parks & Miller, 2016). Geographic variables are also likely to influence which 
resource types are assigned to a fire. We also expect that steeper slopes are less accessible to 
some fire resources, such as engines and dozers, than others such as helicopters and crews. We 
treat topographic variables as a random variable, which may positively or negatively influence 
the allocation count of any specific resource. We measure average slope over an end fire area, 
the standard deviation of slope, which is indicative of the roughness of terrain, and elevation, 
measured at fire point of ignition. Both BI and topographic variables are included as random fire 
environment variables (𝑝𝑖,𝑡). We expect resource allocation counts to increase with BI and to 
vary randomly alongside topographic variables.  
Regional preparedness level (PL) was recorded for each fire day. Preparedness levels are 
estimates of the level of fire activity within a region. They are determined by burning conditions, 
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fire activity and resource availability. Data on Preparedness Level was prepared by the Rocky 
Mountain Research Station. It contains daily data on the national and regional Preparedness 
Levels on all days that a wildfire incident occurred, the level of Initial Attack activity (Light, 
Moderate or Heavy), the number of new fires burning on that day, the number of new large fires, 
and a count of both contained and uncontained large fires. A Preparedness Level (PL) can occur 
on a scale of 1 to 5, where national PL 1 is a state where all active fires are easily contained with 
available resources. At PL 2 several geographic areas are experiencing high fire danger and some 
mobilization of resources from other geographic areas is occurring. At national PL 3, two or 
more regions are experiencing fire activities that require a major commitment of national 
resources, ordered and mobilized through the National Interagency Coordination Center (NICC). 
At PL 4 competition for resources occurs between geographic regions and multiple regions 
require the commitment of Type 1 (hotshot) crews. At PL 5 several regions are experiencing 
incidents with the potential to exhaust all resources (NIFC, 2012). In this analysis, PL 1 and 2 are 
grouped into a single category, as are PL 4 and 5. PLs are used as measures of supply-side 
variables and are expected to be negatively correlated with resource availability, and to be 
correlated with general assets at risk and fire environments in a region (𝑤−𝑖, 𝑣−𝑖, 𝑝−𝑖). National 
Preparedness Levels were considered but were not found to influence resource assignments 
significantly.  
Observed WUI-related variables include the distance from the point of ignition to the 
nearest WUI area, and structure density within said WUI area. The Federal Register (2001) 
report that initially identified interface areas as significant drivers of wildfire costs classified 
WUI areas as either Interface or Intermix areas. Interface areas are areas where structures are 
adjacent to highly vegetated wildland areas. Intermix WUI areas are highly vegetated areas with 
houses spread throughout them. Radeloff et al. (2005) expanded upon these definitions and 
developed to classify existing US land that qualifies as a WUI area. They used vegetation data 
from the USGS and housing data from the U.S. decadal census to define existing interface and 
intermix areas. Figure 1 displays maps of 2010 California WUI areas alongside the perimeters of 
fires used in this research. WUI distance patterns varied between regions. Most notably, fires 




Figure 1: 2010 California WUI Areas and Fire Perimeters (2008-2017)  




We use a more recent geospatial map of WUI areas that was published by the Forest 
Service Research Data Archive in 2017 (Radeloff et al., 2017). This map classifies interface 
areas as being in one of three housing density classes. Low-Density areas are areas that contain 
between 6.18 and 49.42 houses per km2, Medium-Density areas contain between 49.42 and 
741.32 houses per km2, and High-Density areas contain more than 741.32 houses per km2 
(Radeloff et al., 2017). Any given WUI area falls into one of two vegetation categories: interface 
or intermix, and one of three density categories: Low, Medium, or High-Density. Vegetation 
categories here (interface or intermix) were not shown to be particularly influential to resource 
assignments and is not used as a control. Using this dataset, we observe both the distance from a 
wildfire point of ignition to the nearest defined WUI area and the class of that WUI area. Both 
WUI Distance and WUI Density fall within the vector of variables defining assets at risk (𝑣𝑖,𝑡). 
 The data used in this research was compiled and cleaned using R statistical software (R 
Core Team, 2013). Spatial data was analyzed using the SP package (Pebesma & Bivand, 2005; 
Bivand et al., 2013). Regression analysis was run using Stata 16 (StataCorp, 2019). 
 
Econometric Model 
The data is used to estimate the resource allocation model described in Equation [10]. We 
estimate values at risk (𝑣𝑖,𝑡) with the variables WUI Distance and WUI Density. These variables  
describe the distance of structures from a fire’s point of origin and estimate how many structures 
are close by. The risk to assets may change alongside the random fire environment conditions 
(𝑝𝑖,𝑡). Fire environment and fire characteristics at any given point in time include Fire Area, BI, 
ERC, Fire Complexity, Vegetation Type, Elevation, Average Slope, and Standard Deviation of 
Slope. Risk to assets is reduced as resources are deployed to suppress or contain wildfire.  
Prices (𝑤𝑗) and the corresponding shadow prices (𝜆𝑗) are unobserved. However, we 
expect that price of a resource assigned to a fire (𝑤𝑖,𝑗.𝑡) and the prices of resources assigned to 
other fires (𝑤−𝑖,𝑗.𝑡) increase when the number and severity of fires in a region increase. We can 
estimate the strain on resource supply in a region by observing the Regional Preparedness Level 
and National Preparedness Level at a given point in time, as use these as an indicator for 
resource supply and demand in the region. We expect that the shadow price of a resource will 
increase as the overall severity of fires in the region increase as well, and more resources are 
demanded by fire managers. 
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Since observed resource assignments occur as whole integers that can range between 0 
and infinite, we initially used a Poisson regression to estimate resource assignment as a function 
of random variables. However, in every iteration of regression analysis the variance of the 
dependent variable was significantly greater than the mean, which fails to fulfil the assumptions 
of the Poisson model. Alternatively, we use a Negative Binomial model which allows 
overdispersion of the dependent variable (Berk & MacDonald, 2008). Our dataset consists of an 
unbalanced panel dataset, observed at the daily level. Because our variable of interest, WUI 
Distance, is observed as time-constant over the course of a fire we cannot use a fixed-effects 
model (Wooldridge, 2016). Instead, errors are clustered on fires (𝑖) to ensure regression model 
errors are independent across clusters but correlated within clusters. Error clustering helps us 
avoid reporting inflated t-values and overly narrow confidence intervals. The main drawbacks of 
clustering errors are usually reduced precision of ?̂? estimators and biasing the standard 
estimators for the variance of ?̂? estimators downwards from the true variance (Cameron & Miller 
2015). To correct for these effects, we report cluster-robust standard errors so that Wald 




We estimate the influence that both WUI distance and WUI classification have on 
resource allocation for individual large wildfire incidents, so our variables of interest in this 
regression estimation are WUI Distance and WUI Density. Foremost, we expect that resource 
assignment counts to fires that are closer to WUI areas will, on average, be higher than 
assignments to fires further from WUI areas. If we estimate 𝛽1 WUI Distance as the influence 




Hypothesis 1: Resource assignment counts are influenced by fire distance from WUI. 
H0: 𝛽1 = 0  




This hypothesis is consistent with previous research. We assume that fire managers place 
increased priority on protecting assets threatened by wildfires. If this is true, 𝛽1 < 0. 
We also expect that, all else equal, fire managers prioritize the protection of more densely 
populated WUI areas over less densely populated WUI areas. From our model, we assume that 
managers seek to minimize losses from fire damages and  prioritize suppressing fires that 
threaten greater amounts of loss. The variable WUI Classfication captures structure density of 
WUI areas at three levels: Low, Medium and High-Density. We predict that incidents that 
threaten low density areas will be allocated less resources than medium density areas and that 
incidents that threaten high density areas will be allocated more resources than medium density 
areas. But for ease of comparison, and because the vast majority of fire ignitions occur closest to 
Low-Density WUI areas, we group all Medium and High-Density variables together and 
compare them to fires near low density areas. If we estimate 𝛽2 LowDensity as a binary variable 
that indicates whether a fire is nearest to a low density WUI area we can specify hypothesis 2 for 
all resources: 
 
Hypothesis 2: Resource assignment counts to incidents threatening low density areas 
differ from those threatening medium and high density WUI areas. 
H0: 𝛽2 = 0  
HA: 𝛽2 < 0 
 
 Finally, we are interested in whether WUI influence on resource use has changed over 
time. We do this using categorical variables if any individual year falls within a subset of years. 
Years 2008-2012 are grouped together with a dummy, as are 2013-2017. We then interact these 
categorical “year group” variables with WUI Distance and WUI Density. In the regression model, 
these can be indicated by 𝛽3 WUI Distance*YearGroup and 𝛽4 LowDensity*YearGroup. 
Medium and high density WUI areas used as a base case. Time trends relating to WUI proximity 
and density have not yet been thoroughly researched, and it is unclear what to expect. It is 
possible that increased suppression costs over time may be due in part to increased pressure to 
prioritize WUI protection. Managers may be allocating more resources to fires that threaten WUI 




Hypothesis 3: The influence of WUI distance on resource assignment counts changes 
over time. 
H0: 𝛽3 = 0  
HA: 𝛽3 < 0 
 
Hypothesis 4:  The influence of nearest WUI structure density on resource assignment 
counts changes over time.  
H0: 𝛽4 = 0  
HA: 𝛽4 < 0 
 
Measurement of changes in resource allocation responses to medium/high density areas 
may not be possible with this model, as the base case would simply involve examining the 
coefficients for a Year variable, which also captures unobserved effects correlated with the 
overall fire season severity, resource availability and decision-making environment that changes 
between years. Regardless, observations of general time trends are useful for understanding 
whether fire management practices change over time. 
 
5 – RESULTS 
Table 2 displays four basic regressions on resource assignment count. In each case, the 
regressand is the count of resource assignments made to a fire. The unit of observation is 
resource assignments on 1 fire-day, or a measurement of the number of resources assigned to a 
single incident on a single day. Resource type (crews, engines, helicopters and airtankers) is 
regressed on to control for inherent differences in the cost, availability and usefulness of each 
resource. The variable of interest in each case is distance of the nearest WUI area from wildfire 
point of origin (Logged 10km). For each wildfire incident, we calculate the distance between the 
point of origin and the nearest designated WUI area. Since fire distance is likely to have 
nonlinear effects, we take the natural log of distance (measured in units of 10km). We can expect 
a smaller response difference between two fires that are 9 and 10 km from WUI areas than we 
would between fires that are 1 and 2 km from WUI areas. In each regression, there is very strong 
evidence that as the distance from the WUI increases, the expected count of resources assigned 
to that fire decreases. This effect is robust and consistent across most resource types. 
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Regressions (1) and (2) show the results of a basic model, where resource assignment 
count (of every resource) is a function of WUI distance, end fire size, burn index, time since fire 
start, and regional preparedness levels.  Model (1) shows the results when a Poisson model is 
used, while model (2) shows the results of a Negative Binomial model. Both models are 
commonly used to model count data, but a Poisson model requires the mean of the count data 
distribution to be equal to its variance. In contrast, the Negative Binomial model does not require 
the assumption that the count data mean is equal to its variance and allows overdispersion or 
underdispersion. Resource assignment counts were overdispersed in every instance, indicating 
that the Negative Binomial model is more appropriate for this data (Berk & MacDonald, 2008). 
Negative binomial logged alpha statistics (Ln(Alpha)) from our regressions are consistently 
greater than 1, further validating the use of the negative binomial for this data. The coefficients 
and standard errors of regressors are similar between the Poisson and Negative Binomial models, 
which suggests that there is little risk of bias when using the Negative Binomial over the 
Poisson. We use the Negative Binomial in all other regressions shown. 
 In regression (3) year fixed effects were added to the model to control for temporal 
changes. The U.S. sees large changes in the number and severity of fires between years, which 
must be controlled for to view overall trends. There also are likely unobserved changes in fire 
management strategy and resource availability between years that we aim to control for. The 
year 2008 is used as the base year. The coefficients of most year effects are negative because the 
base year 2008 was an especially harsh fire season, and more resources were used during the 
2008 fire season than other years. All observations from 2018 are from several fires that began in 
2017 and continued to burn into January 2018. Few resources were used for these winter fires, 
and we do not observe any fires that began in 2018. Regressor coefficients in this model were 




Table 2: Basic regressions 
 (1) (2) (3) (4) 
   NB NB 
VARIABLES Poisson Negative Binomial Year FE Regional FE 
     
Logged Distance (10k) -0.103*** -0.099*** -0.091*** -0.055*** 
 (0.008) (0.007) (0.007) (0.007) 
Burning Index 0.008*** 0.004*** 0.005*** 0.001 
 (0.001) (0.001) (0.001) (0.001) 
Logged Acres 0.167*** 0.143*** 0.147*** 0.155*** 
 (0.008) (0.007) (0.007) (0.007) 
Days Since Ignition -0.112*** -0.066*** -0.068*** -0.071*** 
 (0.003) (0.002) (0.002) (0.002) 
Regional Preparedness Level 1/2 -0.160*** -0.203*** -0.159*** -0.099*** 
 (0.044) (0.036) (0.036) (0.033) 
Regional Preparedness Level 4/5 -0.126*** 0.025 -0.013 0.146*** 
 (0.041) (0.036) (0.036) (0.032) 
Slope SD -0.000 0.000 0.000 0.000*** 
 (0.000) (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) 
Elevation (m) -0.001*** -0.000*** -0.000*** -0.000*** 
 (0.000) (0.000) (0.000) (0.000) 
Large Airtanker 0.490*** 0.455*** 0.440*** 0.351*** 
 (0.027) (0.031) (0.031) (0.030) 
Smaller Aircraft 0.444*** 0.342*** 0.330*** 0.229*** 
 (0.028) (0.030) (0.030) (0.030) 
Type 1-2 Engines 0.632*** 0.073 0.027 -0.256*** 
 (0.075) (0.058) (0.055) (0.051) 
Type 1 Crews 0.372*** -0.029 -0.032 -0.402*** 
 (0.044) (0.039) (0.039) (0.035) 
Type 1 Helicopter -0.359*** -0.353*** -0.354*** -0.425*** 
 (0.029) (0.030) (0.030) (0.030) 
Type 2 Helicopter -0.163*** -0.185*** -0.183*** -0.320*** 
 (0.029) (0.030) (0.030) (0.030) 
Type 2 IA Crews 0.147*** 0.284*** 0.287*** 0.288*** 
 (0.027) (0.029) (0.029) (0.030) 
Type 3-7 Engine 2.319*** 2.216*** 2.215*** 2.126*** 
 (0.027) (0.029) (0.028) (0.027) 
Type 3 Helicopter -0.535*** -0.392*** -0.391*** -0.400*** 
 (0.028) (0.030) (0.030) (0.030) 
Year = 2009   -0.428*** -0.327*** 
   (0.081) (0.074) 
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Year = 2010   -0.420*** -0.237*** 
   (0.086) (0.078) 
Year = 2011   -0.559*** -0.204*** 
   (0.071) (0.064) 
Year = 2012   -0.536*** -0.298*** 
   (0.066) (0.058) 
Year = 2013   -0.403*** -0.194*** 
   (0.071) (0.064) 
Year = 2014   -0.431*** -0.253*** 
   (0.070) (0.062) 
Year = 2015   -0.491*** -0.298*** 
   (0.073) (0.063) 
Year = 2016   -0.171** -0.042 
   (0.070) (0.064) 
Year = 2017   0.037 0.050 
   (0.075) (0.069) 
Year = 2018   -21.537*** -15.663*** 
   (0.309) (0.309) 
Northern California    1.194*** 
    (0.052) 
Southern California    1.507*** 
    (0.056) 
Rocky Mountains    0.351*** 
    (0.057) 
Southwest    -0.096* 
    (0.052) 
Northwest    0.301*** 
    (0.044) 
Great Basin    0.258*** 
    (0.046) 
/lnalpha  2.470*** 2.455*** 2.354*** 
  (0.016) (0.016) (0.015) 
Constant -2.242*** -2.195*** -1.970*** -2.791*** 
 (0.111) (0.088) (0.100) (0.101) 
Observations 505,790 505,790 505,790 505,790 
Lnalpha  2.470 2.455 2.354 
Robust standard errors in parentheses 





Regression (4) adds regional fixed effects, where fires are indexed by the Geographic 
Area Coordination Center that manages fires that occur in their region and make resource 
deployment decisions. Fixing for regional effects accounts for variance that may be due to 
differences in environment, resource supply, and fire management strategy between regions. The 
seven regions included are Northern California (CA-ONCC), Southern California (CA-OSCC), 
the Rocky Mountains (CO-RMC), the Southwest (NM-SWC), the Northwest (OR-NWC), the 
Great Basin area (UT-GBC) and the Northern Rockies (MT-NRCC) which was used as the base 
case. Including regional fixed effect reduces the magnitude of the WUI distance variable 
coefficient. This effect may occur because fires that occur in the Northern California region tend 
to be closer to WUI areas (Fig. 2). Fires in California tend to use more resources in general, and 
including these regional effects likely reduces variance attributable to WUI distance. Even so, we 
still have strong evidence that WUI distance is inversely related to resource assignment count. 
For context, after controlling for all fixed effects, we have strong evidence that on average a 
10km decrease in fire distance from a WUI area is associated with a .055 increase in the 
expected log count of resource assignments.      
 Table 3 displays variables of interest for regressions that include a WUI density variable. 
Column (1) displays results from the negative binomial with regional and yearly fixed effects, 
and is the same as Figure 1, column (4). Control variables are not shown here but were used in 
the regression and can be found in the appendix. The regressions whose output is shown in 
columns (2) and (3) include a binary Low-Density variable that indicates whether the nearest 
WUI area to the fire is a low-density area. In both cases the effect is positive, but we have no 
evidence that structure density influences expected resource assignments. The regression shown 
in column (3) includes an interaction term between low-density WUI areas nearby and fire 
distance. Here we have some evidence that as the distance from a fire to a low-density WUI area 
increases, the expected count of assignments increases as well. This is contrary to what we 




Table 3: WUI Density Variables 
 (1) (2) (3) 
VARIABLES NB Density Density: Distance 
    
Logged Distance (10k) -0.055*** -0.055*** -0.065*** 
 (0.007) (0.007) (0.012) 
Low Density  0.002 0.027 
  (0.030) (0.033) 
Low Density * ln(Dist 10k)   0.015 
   (0.014) 
Observations 505,790 505,790 505,790 
Lnalpha 2.354 2.354 2.354 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
  
Table 4: Distance and Time 
 (1) (2) (3) 
VARIABLES NB Dist:Y13-17 Dist:Y12/15 
    
Logged Distance (10k) -0.055*** -0.090*** -0.101*** 
 (0.007) (0.009) (0.012) 
Ln(Distance)* Year 13-17  0.067***  
  (0.012)  
Ln(Distance)* Year 12-14   0.072*** 
   (0.015) 
Ln(Distance)* Year 15-17   0.067*** 
   (0.015) 
/lnalpha 2.451*** 2.447*** 2.448*** 
 (0.014) (0.014) (0.014) 
Observations 506,800 506,800 506,800 
Lnalpha 2.451 2.447 2.448 
Robust standard errors in parentheses 





Table 4 displays regressions run to check whether a time trend might affect the influence 
of distance from a WUI area, and if resource assignment counts depend on the structure density 
of the nearest WUI area. Control variables are not shown here, but the full regression results for 
all regressions shown in this paper are included in Appendix A. Control variables used are the 
same as those used in Figure 1, Col (4), and include resource type fixed effects, year fixed 
effects, and regional fixed effects. In each case, Type 2 Crews, the year 2008, and the Northern 
Rockies Region are used as base cases. Column (2) includes an interaction between logged 
distance and a dummy variable equal to 1 if the incident occurred between 2013 and 2017. The 
interaction term between Logged Distance and groups of later years is positive and influential. 
We have evidence that between fires of a similar distance from a WUI area, a fire that occurred 
in a year later in the dataset was more likely to be assigned higher counts of resources than fires 
that occurred during earlier years. Column (3) uses a similar model, but two alternative year 
bins: one for fires that burned during 2012-2014 period and one for the 2015-2017 period. We 
have evidence of similar, positive effects of interactions between groups of later years. This 
diminishing influence may also occur because our measurement of WUI in the analysis remains 
fixed for year 2010. WUI areas have grown since then and higher resource allocation counts to 
fires apparently further from a WUI area in later years may be attributable to unobserved WUI 
expansion. 
Table 5 displays the results of regressions ran to check if resource allocations to areas of 
different densities change over time. On average, when holding resource type effects fixed, we  
have some evidence that more resources are more likely to be assigned to fires nearest to low-
density WUI areas in later years. However, in resource-specific regression this trend only seems 
to affect certain types of resources. There was strong evidence that Type 2 Crews, Type 1 
Helicopters and Large Airtankers were more likely to be assigned to fires nearest low-density 
WUI areas in later years (Appendix, Tables A7 & A11, Col (4)). Interestingly, the interaction 
effect of distance and density on Structural Engines and Smaller Aircraft assignments is also 
stronger later in the dataset (Appendix, Tables A8 & A14). Full results are included in the 




Table 5: Density and Time  
 (1) (2) (3) (4) (5) (6) 





Year  2 
Density* 
Year 2 
       
Logged Distance (10k) -0.055*** -0.055*** -0.090*** -0.090*** -0.101*** -0.100*** 
 (0.007) (0.007) (0.009) (0.009) (0.012) (0.011) 
Low Density  0.002 0.006 -0.055 0.009 -0.070 
  (0.030) (0.029) (0.044) (0.029) (0.051) 
Logged Distance* Year 13-17   0.067*** 0.068***   
   (0.012) (0.012)   
Low Density* Year 13-17    0.114**   
    (0.058)   
Ln(Distance)* Year 12-14     0.072*** 0.072*** 
     (0.015) (0.015) 
Ln(Distance)* Year 15-17     0.067*** 0.067*** 
     (0.015) (0.015) 
Low Density* Year 12-14      0.067 
      (0.056) 
Low Density* Year 15-17      0.104* 
      (0.057) 
Constant -2.791*** -2.792*** -2.909*** -2.864*** -2.922*** -2.866*** 
 (0.101) (0.105) (0.105) (0.108) (0.104) (0.109) 
       
Observations 505,790 505,790 505,790 505,790 505,790 505,790 
Ln(Alpha) 2.354 2.354 2.351 2.350 2.351 2.351 
 
Regressions on individual resource types are largely consistent with results from the 
overall model (where resource type is treated as a fixed effect). Table 6 summarizes the 
coefficients of variables of interest for regressions run on each resource type. Coefficients are 
drawn from column (2) of the more comprehensive results shown in tables 7-15 below. Type 1 
crews were excluded from this analysis, as their assignments are made differently from other 
resources. Type 1 crews are mostly comprised of incarcerated crews stationed in California, and 
assignments are treated differently than other resources. Regressions in column (1) in each table 
begin with a basic Negative Binomial model, and progressively interact density and WUI 
distance (2), distance and a binary indicating later years (3), density and later year groups (4), 
and finally density and distance and later years (5). We display only the variables of interest 
here, but still control for environmental, geographic and temporal effects. The full regression 
results can be found in the appendix (Figures A7-A15). In almost every case where there was 
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strong evidence that distance was influential in resource assignment count the coefficient was 
negative, which is consistent with our hypotheses. Only Type 3 Helicopter assignments differed 
(Table 11). However, we have little evidence of WUI distance influence in general for Type 3 
Helicopters. Type 3 Helicopters were also the least common resource assigned and may not be 
indicative of an overall trend. 
 
Table 6: Resource Regression Coefficients 
 




Table 7: T2 Crews 
 (1) (2) (3) (4) (5) 









      
Logged Distance (10k) -0.025** -0.050*** -0.075*** -0.076*** -0.084*** 
 (0.012) (0.019) (0.023) (0.023) (0.029) 
Low Density 0.117** 0.176*** 0.181*** 0.081 0.099 
 (0.051) (0.061) (0.061) (0.078) (0.085) 
Low Density* Ln(Distance)  0.037* 0.038* 0.039* 0.051 
  (0.022) (0.022) (0.022) (0.033) 
Ln(Distance)* Year 13-17   0.047** 0.047** 0.062* 
   (0.021) (0.021) (0.037) 
Low Density* Year 13-17    0.193* 0.159 
    (0.103) (0.124) 
Low Dens* ln(Distance)*  
Year 13-17 
    -0.022 
     (0.044) 
Observations 50,579 50,579 50,579 50,579 50,579 
Ln(Alpha) 2.321 2.320 2.319 2.318 2.318 
 
Table 8: T2 Initial Attack Crews 
 (1) (2) (3) (4) (5) 









      
Logged Distance (10k) -0.027*** -0.037** -0.070*** -0.070*** -0.054** 
 (0.010) (0.016) (0.019) (0.019) (0.024) 
Low Density 0.013 0.036 0.041 0.017 -0.016 
 (0.041) (0.049) (0.049) (0.068) (0.075) 
Low Density* Ln(Distance)  0.016 0.019 0.019 -0.005 
  (0.019) (0.019) (0.019) (0.029) 
Ln(Distance)* Year 13-17   0.058*** 0.058*** 0.030 
   (0.018) (0.018) (0.031) 
Low Density* Year 13-17    0.044 0.105 
    (0.083) (0.098) 
Low Dens* ln(Distance)*  
Year 13-17 
    0.043 
     (0.038) 
Observations 50,579 50,579 50,579 50,579 50,579 




Notably, distance and density overall are the least influential on Type 2 Initial Attack 
Crew assignments (Table 8). These assignments may specifically target fires that are likely to 
develop regardless of proximity to inhabited areas. Even on Initial Attack crews we have strong 
evidence that in later years resources are more likely to be assigned on fires further from 2010 
WUI areas. Only Type 2 Helicopters did not show evidence for this trend (Table 12). In columns 
(2) and (3) for each other resource, where distance is interacted with groups of years to evaluate 
whether a time trend exists, we observe an increase in the expected number of resource 
assignments to fires further from WUI areas. For Type 2 Crews, Type 2 Initial Attack Crews, 
Smaller Aircrafts and Large Airtankers we have moderate evidence of this diminished effect on 
distance in later years. This may again be attributed to expanding WUI areas in later years, or 
due to changes in fire management strategies.  
Large Engines are consistently the resource type most influenced by WUI proximity. On 
average, we expect 0.0265 less Type 1 or Type 2 Engine assignments to a fire on a given day for 
every 10% increase in ignition distance from a WUI area, all else constant (Table 9). This is 
likely because larger engines are often assigned specifically to structure protection and are often 
provided by cities and counties for this purpose (E. Belval, personal communication, June 3, 
2021). In addition, fires that occur further from populated areas are less likely to have the roads 
and infrastructure that Large Engines require. The area accessible to a large engine may be 
limited by the road availability near the fire location, and we expect WUI areas to have more 
roads than non-WUI forested area. 
Type 1 and 2 Helicopter assignments were negatively influenced by WUI distance, but 
Smaller Aircraft assignments tend to increase as distance from WUI increases. This may be 
because Smaller Aircrafts are commissioned to transport crews and individuals to less accessible 
areas or are used in conjunction with initial attack efforts (NIFC, 2021b). Ln(Distance) was also 
positive in the Type 3 Helicopter output but had a large standard error. In each case we still 
observe an increase in assignments to fires further from WUI areas in later years and more 
assignments to fires closest to low-density WUI areas. We note that our data on airborne 
resource use is less complete than other resource types. Helicopter and plane assignments are 
sometimes made through channels outside of ROSS, and there were likely missions flown that 
are not recorded in our dataset. 
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Table 9: Type 1-2 Engines 
 (1) (2) (3) (4) (5) 










      
Logged Distance (10k) -0.265*** -0.354*** -0.425*** -0.425*** -0.485*** 
 (0.023) (0.040) (0.044) (0.044) (0.059) 
Low Density -0.051 0.258 0.289 0.277 0.469* 
 (0.125) (0.190) (0.187) (0.229) (0.269) 
Low Density* Ln(Distance)  0.141*** 0.145*** 0.145*** 0.231*** 
  (0.048) (0.047) (0.047) (0.071) 
Ln(Distance)* Year 13-17   0.133*** 0.133*** 0.246*** 
   (0.050) (0.050) (0.077) 
Low Density* Year 13-17    0.022 -0.348 
    (0.230) (0.343) 
Low Dens* ln(Distance)*  
Year 13-17 
    -0.171* 
     (0.091) 
Observations 50,579 50,579 50,579 50,579 50,579 
Ln(Alpha) 3.592 3.588 3.577 3.577 3.574 
 
Table 10: Type 3-7 Engines 
 (1) (2) (3) (4) (5) 









      
Logged Distance (10k) -0.053*** -0.058*** -0.076*** -0.076*** -0.092*** 
 (0.009) (0.016) (0.018) (0.018) (0.024) 
Low Density -0.064 -0.054 -0.050 -0.043 -0.008 
 (0.043) (0.052) (0.052) (0.064) (0.071) 
Low Density* Ln(Distance)  0.007 0.007 0.007 0.031 
  (0.018) (0.017) (0.017) (0.026) 
Ln(Distance)* Year 13-17   0.034** 0.034** 0.064** 
   (0.016) (0.016) (0.030) 
Low Density* Year 13-17    -0.014 -0.082 
    (0.084) (0.103) 
Low Dens* ln(Distance)*  
Year 13-17 
    -0.045 
     (0.035) 
Observations 50,579 50,579 50,579 50,579 50,579 




Table 11: Type 1 Helicopters 
 (1) (2) (3) (4) (5) 









      
Logged Distance (10k) -0.018* -0.022 -0.036* -0.037** -0.028 
 (0.010) (0.015) (0.018) (0.018) (0.022) 
Low Density 0.059 0.069 0.071 -0.065 -0.087 
 (0.041) (0.050) (0.051) (0.068) (0.075) 
Low Density* Ln(Distance)  0.006 0.007 0.010 -0.004 
  (0.017) (0.017) (0.017) (0.026) 
Ln(Distance)* Year 13-17   0.022 0.023 0.006 
   (0.017) (0.016) (0.028) 
Low Density* Year 13-17    0.256*** 0.297*** 
    (0.082) (0.101) 
Low Dens* ln(Distance)*  
Year 13-17 
    0.025 
     (0.035) 
Observations 50,579 50,579 50,579 50,579 50,579 
Ln(Alpha) 1.312 1.312 1.311 1.308 1.308 
 
Table 12: Type 2 Helicopters 
 (1) (2) (3) (4) (5) 









      
Logged Distance (10k) -0.048*** -0.020 -0.019 -0.020 -0.028 
 (0.009) (0.014) (0.017) (0.017) (0.021) 
Low Density 0.155*** 0.078 0.078 0.021 0.040 
 (0.039) (0.048) (0.049) (0.064) (0.072) 
Low Density* Ln(Distance)  -0.041** -0.041** -0.040** -0.029 
  (0.016) (0.016) (0.016) (0.024) 
Ln(Distance)* Year 13-17   -0.000 0.000 0.014 
   (0.015) (0.015) (0.027) 
Low Density* Year 13-17    0.108 0.071 
    (0.077) (0.097) 
Low Dens* ln(Distance)*  
Year 13-17 
    -0.020 
     (0.032) 
Observations 50,579 50,579 50,579 50,579 50,579 
Ln(Alpha) 1.118 1.118 1.118 1.118 1.117 
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Table 13: Type 3 Helicopters 
 (1) (2) (3) (4) (5) 









      
Logged Distance (10k) 0.005 0.010 0.005 0.004 0.021 
 (0.010) (0.017) (0.019) (0.019) (0.025) 
Low Density 0.064* 0.055 0.055 0.025 -0.004 
 (0.038) (0.043) (0.043) (0.060) (0.064) 
Low Density* Ln(Distance)  -0.007 -0.007 -0.006 -0.030 
  (0.019) (0.019) (0.019) (0.028) 
Ln(Distance)* Year 13-17   0.009 0.009 -0.020 
   (0.017) (0.017) (0.033) 
Low Density* Year 13-17    0.057 0.110 
    (0.076) (0.087) 
Low Dens* ln(Distance)*  
Year 13-17 
    0.043 
     (0.039) 
Observations 50,579 50,579 50,579 50,579 50,579 
Ln(Alpha) 0.0109 0.0110 0.0103 0.0107 0.0108 
 
Table 14: Smaller Aircraft 
 (1) (2) (3) (4) (5) 









      
Logged Distance (10k) 0.032*** 0.079*** 0.008 0.008 -0.024 
 (0.011) (0.020) (0.023) (0.023) (0.030) 
Low Density 0.029 -0.069 -0.058 -0.056 0.015 
 (0.052) (0.063) (0.062) (0.079) (0.088) 
Low Density* Ln(Distance)  -0.067*** -0.066*** -0.066*** -0.019 
  (0.022) (0.022) (0.022) (0.034) 
Ln(Distance)* Year 13-17   0.131*** 0.131*** 0.188*** 
   (0.020) (0.020) (0.038) 
Low Density* Year 13-17    -0.004 -0.129 
    (0.100) (0.124) 
Low Dens* ln(Distance)*  
Year 13-17 
    -0.085* 
     (0.044) 
Observations 50,579 50,579 50,579 50,579 50,579 




Table 15: Large Airtankers 
 (1) (2) (3) (4) (5) 









      
Logged Distance (10k) -0.010 0.015 -0.009 -0.012 -0.000 
 (0.011) (0.018) (0.021) (0.021) (0.027) 
Low Density 0.105** 0.050 0.052 -0.082 -0.106 
 (0.050) (0.061) (0.061) (0.078) (0.086) 
Low Density* Ln(Distance)  -0.037* -0.036* -0.034 -0.051 
  (0.021) (0.021) (0.021) (0.031) 
Ln(Distance)* Year 13-17   0.044** 0.046** 0.026 
   (0.020) (0.020) (0.036) 
Low Density* Year 13-17    0.261*** 0.305** 
    (0.098) (0.121) 
Low Dens* ln(Distance)*  
Year 13-17 
    0.030 
     (0.042) 
Observations 50,579 50,579 50,579 50,579 50,579 
Ln(Alpha) 2.413 2.412 2.411 2.411 2.411 
 
Robustness Checks 
Table 16 displays the robustness checks to examine bias resulting from the exclusion of 
WUI data from years other than 2010. We subset the data to 2010 observations, and observations 
from 2009-2011 when the changes in WUI area from our 2010 dataset should be minimal. 
Control variables, including regional effects, are included in these regressions but not shown in 
this table. Columns (1), (3) and (5) display the results of regressions including only data from 
2010, while columns (2), (4) and (6) subset the data to the years 2009-2011. Columns (1) and (2) 
display results from models with similar variables to our main model. Distance from WUI did 
not appear to be as influential in 2010 alone, but the results from all fires from years 2009-2011 
are similar to the effects of our previous models, suggesting the influence of distance are robust. 
Columns (3) and (4) include a binary term for low density WUI areas. Here, the coefficients are 
negative, and for the years 2009-11 we have some evidence that fires nearest low-density WUI 
areas are expected to receive a lower count of resource assignments than fires nearest high-
density WUI areas. Columns (5) and (6) include the results of each subset when we interact the 
low-density binary with distance. Density remains negative, and we observe strong evidence that 
as distance from a low-density area increases, expected resource assignments to that fire 
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decrease. Interestingly, for the 2010-only (col 5) subset the distance coefficient is positive, 
signifying that expected resource counts increase with fire distance among fires closer to higher 
density areas. These results suggest that some differences exist between the years surrounding 
2010 and other years. Changes might be attributed to WUI expansion after 2010; it is possible 
that many WUI areas classified as low-density in 2010 became more populous in later years. 
These checks also may not be completely representative of a typical fire season since the 2009 
and 2010 fire seasons were low-severity years.  
Table 16: 2010 Robustness 













       
Logged Distance (10k) -0.025 -0.075*** -0.023 -0.075*** 0.112** -0.027 
 (0.028) (0.015) (0.028) (0.015) (0.048) (0.024) 
Low Density   -0.178 -0.160*** -0.396*** -0.269*** 
   (0.118) (0.060) (0.129) (0.069) 
Low Density *  
Ln(Distance) 
    -0.215*** -0.076*** 
     (0.060) (0.029) 
Observations 27,450 109,120 27,450 109,120 27,450 109,120 
Ln(Alpha) 2.342 2.313 2.342 2.311 2.329 2.310 
 
We were also concerned that fire resources are distributed differently in years that 
experienced severe wildfire seasons. Of available data, years 2008, 2012, 2015 and 2017 can be 
classified as severe fire years (E. Belval, personal communication, June 3, 2021). Table 17 
displays the variable of interest results for regressions run solely using severe fire year data. 




Table 17: Severe Fire Years 
 (1) (2) (3) 
VARIABLES Severe Severe: Density Severe: Density* 
Dist 
    
Logged Distance (10k) -0.064*** -0.064*** -0.102*** 
 (0.009) (0.009) (0.018) 
Low Density  0.004 0.110** 
  (0.044) (0.050) 
Low Density * ln(Dist 10k)   0.054*** 
   (0.020) 
Observations 237,550 237,550 237,550 
Ln(Alpha) 2.367 2.367 2.366 
 
 
6 - DISCUSSION 
 We find that resource assignments are consistently influenced by fire proximity to WUI 
areas. We have strong evidence that on average more resource assignments are made to fires that 
ignite closer to WUI areas, supporting Hypothesis 1. This is consistent with previous findings 
that fire suppression costs of fires are larger when they are closer to populated areas (Bayham & 
Yoder (2020); Calkin et al. (2005); Gebert et al. (2007); Hand et al. (2017)). Some resource 
assignments, especially structural engines, are more influenced than others by fire distance from 
WUI. 
We fail to reject Hypothesis 2, that resource allocation counts differ between fires closest 
to Low Density and Medium/High Density areas. Resource assignment counts tend to be higher 
when the fire originated closest to Low Density areas, rather than Medium or High Density. This 
effect is not what we hypothesized but is explicable. Higher density areas are more likely to have 
natural advantages in structure defense. Crews are more likely to have specific areas to protect 
when cutting line and can more effectively focus their efforts on creating fire break points to 
defend assets. In lower density areas structures are more dispersed, and fire resources are more 
engaged in point protection (J. Bayham, personal communication, June 11, 2021). There may be 
more fire lines to cut, or more areas to monitor when protecting individual structures. In addition, 
39 
 
there is more likely to be the infrastructure near higher density areas to support engines. Most 
large structure engines (Type 1-2 Engines) are city/county owned engines that engage 
specifically in structure defense there (E. Belval, personal communication, June 3, 2021). 
Overall, there is a loss of resource efficiency when the assets to defend are more dispersed. This 
finding suggests that dispersed development in wildland or high-vegetation areas is more costly 
in terms of protection. As Baylis & Boomhower (2019) suggested, wildfire protection efforts 
appear to subsidize development in high-risk areas and may create a moral hazard problem 
where homes are more likely to be built in dangerous areas.  
We find strong evidence in support of Hypothesis 3, that the influence of WUI proximity 
on resource assignments changes over time. For most resource types, more assignments were 
made to fires that originated further from WUI areas during later years (2013-2017), than 
occurred during earlier years (2008-2012). This effect was consistent across most resource types. 
We even observed this trend in Type 2 Initial Attack Crews, who were the least influenced by 
WUI proximity overall. To our knowledge, there has been no systemic change to fire suppression 
policy or strategy that might cause this. Several reasons for this change might be plausible. Fire 
managers might find it more effective to allocate resources to fires that they previously had 
ignored. 2015 and 2017 were both severe fire years and managers might have been more wary of 
any ignition in recent years than they were previously. Resource efficiency may have changed as 
well. If fire resources have become more effective at structure defense, then fire managers may 
simply allocate less per fire. This effect may also be due to WUI change that is not accounted for 
in our data. Since we base our WUI measurements off a 2010 dataset we fail to account for WUI 
growth that occurred between 2011 and 2017. The WUI certainly expanded in the meantime, but 
it is unclear to what extent. Current spatial WUI data is developed using census data, and a 2020 
WUI dataset has not yet been released, making it difficult to perform a robustness check on our 
findings. These results warrant looking into once such a dataset is released. 
There is little evidence in support of Hypothesis 4, that the influence of WUI density on 
resource assignments changes over time. When resource type was held as a fixed effect we found 
no evidence that density influenced resource assignments or that its influence changed in later 
years. There was some evidence that Type 2 Crews, Type 1 Helicopters and Large Airtankers 
were more likely to be assigned to fires closest to Low Density WUI areas in later years. While 
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not as consistently influential as the changes in the influence of WUI distance over time, there 
may have been a change in management strategy for specific resources. WUI density is also 
likely to have changed since 2010 so we may again be picking up on unobserved WUI effects. A 
robustness check is warranted once more recent WUI data becomes available.  
Real cost changes resulting from expected WUI growth are notable. WUI areas have been 
expanding since 2010 and growth is expected to continue. Radeloff et al. (2018) point out that 
the WUI grew by 33% (189,000 km2) between 1990 and 2010, and that 97% of this growth was 
due to housing growth in previously sparsely populated areas. If we assume similar growth 
occurs between 2010 and 2030, then we might expect average distance of a fire from a WUI area 
to decrease by 33% as well. Under our basic model, this change would correspond to an increase 
of about .025 resource assignments per day, per fire for western fires, or .45 more resource 
assignments per fire on average. This change can be used to estimate annual cost increases. Price 
information for resources is not readily available, but we use the National Wildfire Coordinating 
Group’s 2016 resource cost estimates to calculated predicted changes. We use provided daily 
cost estimates for smaller Federal Engines (Type 3, 4 and 6), Larger State/Local Engines (Type 
1, 2 and 3), and Type 1 and 2 Helicopters to calculate expected assignment costs. We also 
average expected daily non-hazard costs for AD Handcrews and Federal Handcrews to estimate 
Type 2 Crew costs. Other resources were excluded because cost information was not found. The 
standard assignment length for both crews and engines is 14 days  (NWCG, 2013; NIFC, 
personal communication, July 2021). Using the parameters found in individual resource 
regressions (Tables 7, 9, 10, 11 and 12) we estimate the cost of predicted WUI expansion 
between 2010 and 2030. We averaged fire incident duration, number of fires per year, and BI of 
fires that occurred between 2008 and 2012 to use as our base (2010 alone may have been 
inappropriate because it was a remarkably low-severity fire season). Table 18 shows the results 
below.  
 Annual expenses on Type 2 crews are predicted to increase by around $9,120,000 from 
2010 levels. Expenses on Structural Engines (Types 1-2) are predicted to increase by around 
$5,995,000 while expenses on Wildland Fire Engines (Types 3-7) are predicted to increase by 
around $ 6,498,208. For comparison, we also performed similar calculations using expected 
change in BI under a high-change climate scenario (Dalton et al, 2015). ERC (and BI) are 
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expected to increase by 2 under this scenario, which would increase the average BI of fires in our 
dataset from 70 to 72. Separate regressions were performed to find these coefficients which 
exclude the fire area variable to isolate the effect of BI. The full results of these regressions can 
be found in the appendix (Appendix, Table A18).  Cost changes shown here are comparable. 
Critically, WUI distance changes would appear to draw far more fire engine assignments, while 
BI changes would increase assignments of other resource types. These calculations use 2016 
resource cost levels and almost certainly underestimate real cost changes since they do not 
consider other resources, hazard-pay, supply costs, structural costs, the increased risk of wildfire 
ignitions due to WUI expansion (Cardille et al., 2001) or vegetation regime shifts  (Abatzoglou 
& Williams, 2016; Mercer et al., 2007; An et al., 2015). WUI growth and climate change also do 
not occur independently. Rather, changes in WUI and climate are likely to have multiplicative 
effects on fire frequency and severity. We expect actual increases to be far larger than what is 
calculated here. 










Type 2  
Crews 
-0.025*** $ 9,120,377 0.007*** $ 20,781,142 
Structural 
Engines 
-0.265*** $ 5,995,161 
 









-0.018 $ 1,026,286 0.005*** $ 2,017,641 
Type 2 
Helicopters 
-0.048 $ 1,003,990 0.006*** $ 938,002 





7 - CONCLUSION 
This research contributes to our understanding of the drivers of resource use when 
combating large wildland fires by analyzing resource assignments to 2,875 large wildfires that 
occurred between 2008 and 2017. Most notably, we use ROSS data on resource assignments, 
which is the most reliable and comprehensive resource database currently available on U.S. 
wildfires. The results of our analyses provide evidence that the number resource assignments to 
large wildfires are influenced by the fire’s proximity to a WUI area, which is consistent with 
previous findings and fire manger priorities. We find some evidence that assignments of specific 
resource types differ between fires nearest a low structure density WUI area, and medium or 
higher density areas. When this occurs, more resources on average appear to be assigned to fires 
nearest the low-density areas, likely because there are efficiency losses that occur when 
protecting more dispersed structures.  
We find strong evidence that the extent to which WUI distance impacted fire resource 
assignments varied in different periods. Notably, fires that were distant from mapped WUI areas 
were more likely to receive larger amounts of resource assignments if they occurred during years 
later in the dataset. The negative influence of WUI distance on the number of resource 
assignments was less impactful on fires that ignited during between 2013 and 2017 than on fires 
that ignited between 2008 and 2012. We find little evidence that the impact of WUI density on 
resource assignments changed throughout the 10 observed years, but there is some evidence that 
three resource types were more likely to be assigned to fires nearest low-density areas in later 
periods. This may be indicative of changes in fire management practices, and managers may be 
engaging more efforts in initial fire containment and less on structure protection. However, more 
tests are necessary to validate this finding since our available data does not account for increases 
in WUI area that occurred after 2010.  
These findings may be relevant to housing development policy, and long-term fire 
resource planning. Primarily, our findings imply that the efficiency of firefighting resources 
engaged in structure protection may be greater for WUI areas that are higher-density housing 
areas. Housing development in vegetated areas, especially low-density areas, may produce 
unaccounted-for negative externalities by creating a larger need for fire resources should a fire 
ignite nearby. This is especially concerning since researchers have been predicting considerable 
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construction in the West to occur in fire-prone locations that currently have no, or sparse 
development (Gude, Rasker and Noort, 2008). California, where wildfires already tend to have 
higher average suppression costs, is expected to see continuing conversion of undeveloped or 
sparsely developed areas to low or medium density housing areas (Mann et al., 2014). We expect 
that these development trends will exacerbate the need for suppression resources for wildfires, 
especially resources designated for point-protection.  
Our findings that resource assignments in relation to WUI proximity appear to be 
decreasing over time may have planning implications for fire managers, and overall resource 
allocation. If managers are applying more resources to fire containment overall, and less on 
structure protection, it may be advisable for GACCs to plan to provide more initial attack teams, 
hotshot teams, and other resources to engage in fire containment. Resources that are to be used 
for structure and point protection might be made more available in regions that have especially 
large amounts of low-density WUI areas. In the Rocky Mountain and Northern California 
regions, for instance, over 75% of fire incidents in our dataset occurred nearest a low-density 
area.  
This research supported previous findings that resource assignments are influenced fire 
proximity to structured areas and has found evidence that the relationship between resource 
assignments and WUI proximity may be changing over time. More work remains to be done to 
verify and explore this relationship. For instance, future research could benefit by examining 
resource assignment change over time in relation to specific structural data. Using yearly 
structural data might illuminate more specific relationships between fire management and 
structure proximity. Similar methods to those used here might be applied to a 2020 WUI dataset 
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Table A1: Summary Statistics 
VARIABLES N Mean SD Min Max 
Fire Length (Days) 2,790 18.20 25.69 1 375 
WUI Distance (10km) 2,790 0.6874 .8708 0 22.08 
T1_Crews 2,790 3.463 11.07 0 133 
T2IA_Crews 2,790 2.776 5.418 0 88 
T2_Crews 2,790 2.395 5.338 0 58 
T12_Engines 2,790 4.490 24.57 0 435 
T37_Engines 2,790 24.33 43.50 0 700 
T1_Heli 2,790 1.669 2.989 0 67 
T2_Heli 2,790 2.037 3.484 0 70 
T3_Heli 2,790 1.402 1.933 0 30 
LargeAir 2,790 3.901 10.39 0 213 
SmallAir 2,790 3.727 7.131 0 118 
Region PL 2,790 2.694 1.025 1 5 
Fire Size (Acres) 2,790 10,981 27,864 0.0101 538,151 
Burning Index 2,780 70.14 16.80 0.400 112 
 
Table A2: Tabulation of Fire Counts by Fire Region and Year 
Region 
Year 
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total 
Central Rockies 11 9 21 33 73 23 9 10 36 6 231 
Great Basin 79 54 99 116 184 136 65 63 116 18 930 
Northern 
California 
49 24 16 11 36 20 25 22 17 29 249 
Northern 
Rockies 
13 12 11 22 49 28 14 60 19 18 246 
Northwest 33 40 22 28 42 39 74 77 48 10 413 
Southern 
California 
38 43 29 33 37 33 29 30 43 42 357 
Southwest 35 57 27 67 42 23 25 22 58 8 364 






Full Regressions from Written Thesis 
Each table shows the full regression output of figures included in the main paper, including all 
control variables used.  
Table A3: Basic Regressions 
 (1) (2) (3) (4) 
   NB NB 
VARIABLES Poisson Negative Binomial Year FE Regional FE 
     
Logged Distance (10k) -0.103*** -0.099*** -0.091*** -0.055*** 
 (0.008) (0.007) (0.007) (0.007) 
Burning Index 0.008*** 0.004*** 0.005*** 0.001 
 (0.001) (0.001) (0.001) (0.001) 
Logged Acres 0.167*** 0.143*** 0.147*** 0.155*** 
 (0.008) (0.007) (0.007) (0.007) 
Days Since Ignition -0.112*** -0.066*** -0.068*** -0.071*** 
 (0.003) (0.002) (0.002) (0.002) 
Regional Preparedness Level 1/2 -0.160*** -0.203*** -0.159*** -0.099*** 
 (0.044) (0.036) (0.036) (0.033) 
Regional Preparedness Level 4/5 -0.126*** 0.025 -0.013 0.146*** 
 (0.041) (0.036) (0.036) (0.032) 
Slope SD -0.000 0.000 0.000 0.000*** 
 (0.000) (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) 
Elevation (m) -0.001*** -0.000*** -0.000*** -0.000*** 
 (0.000) (0.000) (0.000) (0.000) 
Large Airtanker 0.490*** 0.455*** 0.440*** 0.351*** 
 (0.027) (0.031) (0.031) (0.030) 
Smaller Aircraft 0.444*** 0.342*** 0.330*** 0.229*** 
 (0.028) (0.030) (0.030) (0.030) 
Type 1-2 Engines 0.632*** 0.073 0.027 -0.256*** 
 (0.075) (0.058) (0.055) (0.051) 
Type 1 Crews 0.372*** -0.029 -0.032 -0.402*** 
 (0.044) (0.039) (0.039) (0.035) 
Type 1 Helicopter -0.359*** -0.353*** -0.354*** -0.425*** 
 (0.029) (0.030) (0.030) (0.030) 
Type 2 Helicopter -0.163*** -0.185*** -0.183*** -0.320*** 
 (0.029) (0.030) (0.030) (0.030) 
Type 2 IA Crews 0.147*** 0.284*** 0.287*** 0.288*** 
 (0.027) (0.029) (0.029) (0.030) 
Type 3-7 Engine 2.319*** 2.216*** 2.215*** 2.126*** 
 (0.027) (0.029) (0.028) (0.027) 
A3 
 
Type 3 Helicopter -0.535*** -0.392*** -0.391*** -0.400*** 
 (0.028) (0.030) (0.030) (0.030) 
Year = 2009   -0.428*** -0.327*** 
   (0.081) (0.074) 
Year = 2010   -0.420*** -0.237*** 
   (0.086) (0.078) 
Year = 2011   -0.559*** -0.204*** 
   (0.071) (0.064) 
Year = 2012   -0.536*** -0.298*** 
   (0.066) (0.058) 
Year = 2013   -0.403*** -0.194*** 
   (0.071) (0.064) 
Year = 2014   -0.431*** -0.253*** 
   (0.070) (0.062) 
Year = 2015   -0.491*** -0.298*** 
   (0.073) (0.063) 
Year = 2016   -0.171** -0.042 
   (0.070) (0.064) 
Year = 2017   0.037 0.050 
   (0.075) (0.069) 
Year = 2018   -21.537*** -15.663*** 
   (0.309) (0.309) 
Northern California    1.194*** 
    (0.052) 
Southern California    1.507*** 
    (0.056) 
Rocky Mountains    0.351*** 
    (0.057) 
Southwest    -0.096* 
    (0.052) 
Northwest    0.301*** 
    (0.044) 
Great Basin    0.258*** 
    (0.046) 
/lnalpha  2.470*** 2.455*** 2.354*** 
Robust standard errors in parentheses 




Table A4: WUI Density Variables 
 (1) (2) (3) 
VARIABLES NB Density Density: Distance 
    
Logged Distance (10k) -0.055*** -0.055*** -0.065*** 
 (0.007) (0.007) (0.012) 
Low Density  0.002 0.027 
  (0.030) (0.033) 
Low Density * ln(Dist 10k)   0.015 
   (0.014) 
Burning Index 0.001 0.001 0.001 
 (0.001) (0.001) (0.001) 
Logged Acres 0.155*** 0.155*** 0.156*** 
 (0.007) (0.007) (0.006) 
Days Since Ignition -0.071*** -0.071*** -0.071*** 
 (0.002) (0.002) (0.002) 
Regional Preparedness Level 1/2 -0.099*** -0.099*** -0.099*** 
 (0.033) (0.033) (0.033) 
Regional Preparedness Level 4/5 0.146*** 0.146*** 0.146*** 
 (0.032) (0.032) (0.032) 
Slope SD 0.000*** 0.000*** 0.000*** 
 (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) 
Elevation (m) -0.000*** -0.000*** -0.000*** 
 (0.000) (0.000) (0.000) 
Large Airtanker 0.351*** 0.351*** 0.352*** 
 (0.030) (0.030) (0.030) 
Smaller Aircraft 0.229*** 0.229*** 0.230*** 
 (0.030) (0.030) (0.030) 
Type 1-2 Engines -0.256*** -0.255*** -0.257*** 
 (0.051) (0.051) (0.050) 
Type 1 Crews -0.402*** -0.402*** -0.401*** 
 (0.035) (0.035) (0.035) 
Type 1 Helicopter -0.425*** -0.425*** -0.424*** 
 (0.030) (0.030) (0.030) 
Type 2 Helicopter -0.320*** -0.320*** -0.319*** 
 (0.030) (0.030) (0.030) 
Type 2 IA Crews 0.288*** 0.288*** 0.288*** 
 (0.030) (0.030) (0.030) 
Type 3-7 Engine 2.126*** 2.126*** 2.126*** 
 (0.027) (0.027) (0.027) 
Type 3 Helicopter -0.400*** -0.400*** -0.400*** 
 (0.030) (0.030) (0.030) 
Year = 2009 -0.327*** -0.327*** -0.327*** 
 (0.074) (0.074) (0.074) 
A5 
 
Year = 2010 -0.237*** -0.236*** -0.233*** 
 (0.078) (0.078) (0.077) 
Year = 2011 -0.204*** -0.204*** -0.201*** 
 (0.064) (0.064) (0.063) 
Year = 2012 -0.298*** -0.298*** -0.296*** 
 (0.058) (0.058) (0.058) 
Year = 2013 -0.194*** -0.194*** -0.192*** 
 (0.064) (0.064) (0.063) 
Year = 2014 -0.253*** -0.253*** -0.251*** 
 (0.062) (0.062) (0.062) 
Year = 2015 -0.298*** -0.298*** -0.297*** 
 (0.063) (0.063) (0.063) 
Year = 2016 -0.042 -0.042 -0.039 
 (0.064) (0.064) (0.063) 
Year = 2017 0.050 0.050 0.051 
 (0.069) (0.069) (0.069) 
Year = 2018 -15.663*** -15.659*** -15.654*** 
 (0.309) (0.310) (0.310) 
Northern California 1.194*** 1.194*** 1.195*** 
 (0.052) (0.052) (0.052) 
Southern California 1.507*** 1.507*** 1.508*** 
 (0.056) (0.056) (0.056) 
Rocky Mountains 0.351*** 0.351*** 0.352*** 
 (0.057) (0.057) (0.057) 
Southwest -0.096* -0.096* -0.097* 
 (0.052) (0.052) (0.052) 
Northwest 0.301*** 0.301*** 0.303*** 
 (0.044) (0.045) (0.045) 
Great Basin 0.258*** 0.258*** 0.259*** 
 (0.046) (0.046) (0.046) 
/lnalpha 2.354*** 2.354*** 2.354*** 
Robust standard errors in parentheses 





Table A5: Distance and Time 
 (1) (2) (3) 
VARIABLES NB Dist:Yr13-17 Dist:Y12/15 
    
Logged Distance (10k) -0.055*** -0.090*** -0.101*** 
 (0.007) (0.009) (0.012) 
Ln Dist*y12-14   0.072*** 
   (0.015) 
Ln Dist*y15-17   0.067*** 
   (0.015) 
Burning Index 0.001 0.001 0.001 
 (0.001) (0.001) (0.001) 
Logged Acres 0.155*** 0.158*** 0.158*** 
 (0.007) (0.006) (0.006) 
Days Since Ignition -0.071*** -0.071*** -0.071*** 
 (0.002) (0.002) (0.002) 
Regional Preparedness Level 1/2 -0.099*** -0.105*** -0.102*** 
 (0.033) (0.033) (0.033) 
Regional Preparedness Level 4/5 0.146*** 0.131*** 0.131*** 
 (0.032) (0.032) (0.032) 
Slope SD 0.000*** 0.000*** 0.000*** 
 (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) 
Elevation (m) -0.000*** -0.000*** -0.000*** 
 (0.000) (0.000) (0.000) 
Large Airtanker 0.351*** 0.350*** 0.352*** 
 (0.030) (0.030) (0.030) 
Smaller Aircraft 0.229*** 0.224*** 0.225*** 
 (0.030) (0.030) (0.030) 
Type 1-2 Engines -0.256*** -0.264*** -0.270*** 
 (0.051) (0.050) (0.050) 
Type 1 Crews -0.402*** -0.405*** -0.403*** 
 (0.035) (0.034) (0.034) 
Type 1 Helicopter -0.425*** -0.425*** -0.425*** 
 (0.030) (0.030) (0.030) 
Type 2 Helicopter -0.320*** -0.318*** -0.318*** 
 (0.030) (0.030) (0.030) 
Type 2 IA Crews 0.288*** 0.286*** 0.285*** 
 (0.030) (0.030) (0.030) 
Type 3-7 Engine 2.126*** 2.125*** 2.125*** 
 (0.027) (0.027) (0.027) 
Type 3 Helicopter -0.400*** -0.401*** -0.401*** 
 (0.030) (0.030) (0.030) 
Year = 2009 -0.327*** -0.309*** -0.304*** 
 (0.074) (0.073) (0.073) 
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Year = 2010 -0.237*** -0.197** -0.189** 
 (0.078) (0.077) (0.077) 
Year = 2011 -0.204*** -0.160** -0.151** 
 (0.064) (0.063) (0.063) 
Year = 2012 -0.298*** -0.262*** -0.147** 
 (0.058) (0.057) (0.061) 
Year = 2013 -0.194*** -0.056 -0.042 
 (0.064) (0.065) (0.067) 
Year = 2014 -0.253*** -0.115* -0.101 
 (0.062) (0.063) (0.064) 
Year = 2015 -0.298*** -0.150** -0.146** 
 (0.063) (0.066) (0.068) 
Year = 2016 -0.042 0.099 0.104 
 (0.064) (0.064) (0.065) 
Year = 2017 0.050 0.197*** 0.204*** 
 (0.069) (0.070) (0.072) 
Year = 2018 -15.663*** -15.367*** -15.352*** 
 (0.309) (0.310) (0.310) 
Northern California 1.194*** 1.194*** 1.186*** 
 (0.052) (0.052) (0.052) 
Southern California 1.507*** 1.519*** 1.517*** 
 (0.056) (0.056) (0.056) 
Rocky Mountains 0.351*** 0.358*** 0.362*** 
 (0.057) (0.057) (0.057) 
Southwest -0.096* -0.085 -0.080 
 (0.052) (0.052) (0.052) 
Northwest 0.301*** 0.312*** 0.313*** 
 (0.044) (0.045) (0.045) 
Great Basin 0.258*** 0.261*** 0.265*** 
 (0.046) (0.046) (0.046) 
/lnalpha 2.354*** 2.351*** 2.351*** 
 (0.015) (0.015) (0.015) 
Logged Dist*yr13-17  0.067***  
Robust standard errors in parentheses 





Table A6: Density and Time  
 (1) (2) (3) (4) (5) (6) 
VARIABLES NB Dens Yr:Dist Dens:Yr Yr:Dist 2 Dens:Yr 2 
       
Logged Distance (10k) -0.055*** -0.055*** -0.090*** -0.090*** -0.101*** -0.100*** 
 (0.007) (0.007) (0.009) (0.009) (0.012) (0.011) 
Low Density  0.002 0.006 -0.055 0.009 -0.070 
  (0.030) (0.029) (0.044) (0.029) (0.051) 
Logged Dist*yr13-17   0.067*** 0.068***   
   (0.012) (0.012)   
Low Density:Year 13-17    0.114**   
    (0.058)   
Ln Dist*y12-14     0.072*** 0.072*** 
     (0.015) (0.015) 
Ln Dist*y15-17     0.067*** 0.067*** 
     (0.015) (0.015) 
Low Density:Year 12-14      0.067 
Burning Index 0.001 0.001 0.001 0.001 0.001 0.001 
 (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 
Logged Acres 0.155*** 0.155*** 0.158*** 0.158*** 0.158*** 0.158*** 
 (0.007) (0.007) (0.006) (0.006) (0.006) (0.006) 
Days Since Ignition -0.071*** -0.071*** -0.071*** -0.071*** -0.071*** -0.071*** 
 (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 
Regional Preparedness Level 1/2 -0.099*** -0.099*** -0.105*** -0.107*** -0.102*** -0.103*** 
 (0.033) (0.033) (0.033) (0.033) (0.033) (0.033) 
Regional Preparedness Level 4/5 0.146*** 0.146*** 0.131*** 0.129*** 0.131*** 0.129*** 
 (0.032) (0.032) (0.032) (0.032) (0.032) (0.032) 
Slope SD 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
Elevation (m) -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
Large Airtanker 0.351*** 0.351*** 0.350*** 0.350*** 0.352*** 0.352*** 
 (0.030) (0.030) (0.030) (0.030) (0.030) (0.030) 
Smaller Aircraft 0.229*** 0.229*** 0.224*** 0.224*** 0.225*** 0.225*** 
 (0.030) (0.030) (0.030) (0.030) (0.030) (0.030) 
Type 1-2 Engines -0.256*** -0.255*** -0.264*** -0.265*** -0.269*** -0.271*** 
 (0.051) (0.051) (0.050) (0.050) (0.050) (0.049) 
Type 1 Crews -0.402*** -0.402*** -0.405*** -0.404*** -0.403*** -0.403*** 
 (0.035) (0.035) (0.034) (0.034) (0.034) (0.034) 
Type 1 Helicopter -0.425*** -0.425*** -0.425*** -0.426*** -0.425*** -0.426*** 
 (0.030) (0.030) (0.030) (0.030) (0.030) (0.030) 
Type 2 Helicopter -0.320*** -0.320*** -0.319*** -0.318*** -0.318*** -0.319*** 
 (0.030) (0.030) (0.030) (0.030) (0.030) (0.030) 
Type 2 IA Crews 0.288*** 0.288*** 0.286*** 0.286*** 0.286*** 0.286*** 
 (0.030) (0.030) (0.030) (0.030) (0.030) (0.030) 
Type 3-7 Engine 2.126*** 2.126*** 2.125*** 2.126*** 2.125*** 2.125*** 
 (0.027) (0.027) (0.027) (0.027) (0.027) (0.027) 
Type 3 Helicopter -0.400*** -0.400*** -0.401*** -0.401*** -0.401*** -0.401*** 
 (0.030) (0.030) (0.030) (0.030) (0.030) (0.030) 
Year = 2009 -0.327*** -0.327*** -0.308*** -0.313*** -0.303*** -0.309*** 
 (0.074) (0.074) (0.073) (0.073) (0.073) (0.073) 
Year = 2010 -0.237*** -0.236*** -0.197** -0.201*** -0.188** -0.194** 
 (0.078) (0.078) (0.077) (0.077) (0.077) (0.077) 
Year = 2011 -0.204*** -0.204*** -0.160** -0.163*** -0.150** -0.155** 
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 (0.064) (0.064) (0.063) (0.063) (0.063) (0.063) 
Year = 2012 -0.298*** -0.298*** -0.261*** -0.265*** -0.146** -0.198*** 
 (0.058) (0.058) (0.057) (0.057) (0.061) (0.071) 
Year = 2013 -0.194*** -0.194*** -0.056 -0.136* -0.041 -0.161* 
 (0.064) (0.064) (0.065) (0.078) (0.067) (0.087) 
Year = 2014 -0.253*** -0.253*** -0.114* -0.199** -0.100 -0.227** 
 (0.062) (0.062) (0.063) (0.078) (0.064) (0.089) 
Year = 2015 -0.298*** -0.298*** -0.150** -0.233*** -0.145** -0.224*** 
 (0.063) (0.063) (0.066) (0.082) (0.068) (0.084) 
Year = 2016 -0.042 -0.042 0.099 0.016 0.104 0.026 
 (0.064) (0.064) (0.064) (0.077) (0.065) (0.078) 
Year = 2017 0.050 0.050 0.197*** 0.116 0.205*** 0.127 
 (0.069) (0.069) (0.070) (0.084) (0.072) (0.085) 












 (0.309) (0.310) (0.310) (0.310) (0.310) (0.310) 
Northern California 1.194*** 1.194*** 1.194*** 1.190*** 1.185*** 1.181*** 
 (0.052) (0.052) (0.052) (0.052) (0.052) (0.052) 
Southern California 1.507*** 1.507*** 1.519*** 1.520*** 1.517*** 1.518*** 
 (0.056) (0.056) (0.056) (0.056) (0.056) (0.056) 
Rocky Mountains 0.351*** 0.351*** 0.358*** 0.359*** 0.361*** 0.359*** 
 (0.057) (0.057) (0.057) (0.057) (0.057) (0.057) 
Southwest -0.096* -0.096* -0.085 -0.086* -0.079 -0.083 
 (0.052) (0.052) (0.052) (0.052) (0.052) (0.052) 
Northwest 0.301*** 0.301*** 0.312*** 0.312*** 0.313*** 0.314*** 
 (0.044) (0.045) (0.045) (0.045) (0.045) (0.045) 
Great Basin 0.258*** 0.258*** 0.261*** 0.258*** 0.265*** 0.261*** 
 (0.046) (0.046) (0.046) (0.046) (0.046) (0.046) 
/lnalpha 2.354*** 2.354*** 2.351*** 2.350*** 2.351*** 2.351*** 
 (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) 
       
Robust standard errors in parentheses 




Table A7: T2 Crews 
 (1) (2) (3) (4) (5) 
   Dens   
VARIABLES Density Density:Dist Dist-Yr Dens:Year Dens:Dist:Yr 
      
Logged Distance (10k) -0.025** -0.050*** -0.075*** -0.076*** -0.084*** 
 (0.012) (0.019) (0.023) (0.023) (0.029) 
Low Density 0.117** 0.176*** 0.181*** 0.081 0.099 
 (0.051) (0.061) (0.061) (0.078) (0.085) 
Low Density * ln(Dist 10k)  0.037* 0.038* 0.039* 0.051 
  (0.022) (0.022) (0.022) (0.033) 
Logged Dist*yr13-17   0.047** 0.047** 0.062* 
   (0.021) (0.021) (0.037) 
Low Density:Year 13-17    0.193* 0.159 
    (0.103) (0.124) 
LowDens:lnDist:y13-17     -0.022 
     (0.044) 
Burning Index 0.003** 0.003** 0.003** 0.003** 0.003** 
 (0.002) (0.002) (0.002) (0.002) (0.002) 
Logged Acres 0.139*** 0.140*** 0.141*** 0.141*** 0.141*** 
 (0.011) (0.011) (0.011) (0.011) (0.011) 
Days Since Ignition -0.068*** -0.067*** -0.068*** -0.068*** -0.068*** 
 (0.003) (0.003) (0.003) (0.003) (0.003) 
Regional Preparedness Level 
1/2 
-0.135** -0.139** -0.143** -0.142** -0.142** 
 (0.059) (0.059) (0.059) (0.059) (0.059) 
Regional Preparedness Level 
4/5 
0.476*** 0.475*** 0.464*** 0.465*** 0.465*** 
 (0.057) (0.057) (0.057) (0.057) (0.057) 
slope_sd_2 -0.000 -0.000 -0.000 -0.000 -0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Mean Slope -0.000* -0.000* -0.000* -0.000* -0.000* 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Elevation (m) -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 1.082*** 1.088*** 1.085*** 1.081*** 1.079*** 
 (0.110) (0.109) (0.110) (0.109) (0.109) 
Southern California 1.093*** 1.100*** 1.108*** 1.107*** 1.105*** 
 (0.105) (0.105) (0.105) (0.105) (0.105) 
Rocky Mountains 0.322*** 0.326*** 0.329*** 0.334*** 0.334*** 
 (0.119) (0.119) (0.119) (0.119) (0.119) 
Southwest 0.597*** 0.596*** 0.601*** 0.600*** 0.601*** 
 (0.103) (0.103) (0.104) (0.104) (0.104) 
Northwest 1.424*** 1.430*** 1.434*** 1.437*** 1.436*** 
 (0.094) (0.094) (0.094) (0.094) (0.094) 
Great Basin 0.406*** 0.410*** 0.406*** 0.402*** 0.402*** 
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 (0.100) (0.100) (0.099) (0.099) (0.099) 
Year = 2009 -0.512*** -0.514*** -0.503*** -0.510*** -0.510*** 
 (0.111) (0.111) (0.111) (0.111) (0.111) 
Year = 2010 -0.862*** -0.860*** -0.853*** -0.866*** -0.866*** 
 (0.136) (0.136) (0.136) (0.135) (0.135) 
Year = 2011 -0.578*** -0.574*** -0.554*** -0.563*** -0.562*** 
 (0.113) (0.113) (0.114) (0.114) (0.114) 
Year = 2012 -0.517*** -0.516*** -0.501*** -0.512*** -0.512*** 
 (0.097) (0.097) (0.098) (0.097) (0.097) 
Year = 2013 -0.608*** -0.608*** -0.519*** -0.661*** -0.637*** 
 (0.107) (0.106) (0.115) (0.135) (0.141) 
Year = 2014 -0.717*** -0.712*** -0.631*** -0.776*** -0.753*** 
 (0.105) (0.105) (0.113) (0.140) (0.147) 
Year = 2015 -0.647*** -0.650*** -0.552*** -0.696*** -0.672*** 
 (0.103) (0.103) (0.113) (0.139) (0.147) 
Year = 2016 -0.523*** -0.520*** -0.437*** -0.580*** -0.557*** 
 (0.106) (0.106) (0.114) (0.133) (0.140) 
Year = 2017 -0.166 -0.167 -0.086 -0.231 -0.207 
 (0.121) (0.121) (0.129) (0.145) (0.149) 







 (0.332) (0.332) (0.332) (0.333) (0.333) 
/lnalpha 2.321*** 2.320*** 2.319*** 2.318*** 2.318*** 
 (0.035) (0.035) (0.035) (0.035) (0.035) 
Constant -2.993*** -3.047*** -3.124*** -3.053*** -3.064*** 
 (0.183) (0.183) (0.189) (0.192) (0.193) 
      
Observations 50,579 50,579 50,579 50,579 50,579 





Table A8: T2 Initial Attack Crews 
 (1) (2) (3) (4) (5) 
   Dens   
VARIABLES Density Density:Dist Dist-Yr Dens:Year Dens:Dist:Yr 
      
Logged Distance (10k) -0.027*** -0.037** -0.070*** -0.070*** -0.054** 
 (0.010) (0.016) (0.019) (0.019) (0.024) 
Low Density 0.013 0.036 0.041 0.017 -0.016 
 (0.041) (0.049) (0.049) (0.068) (0.075) 
Low Density * ln(Dist 10k)  0.016 0.019 0.019 -0.005 
  (0.019) (0.019) (0.019) (0.029) 
Logged Dist*yr13-17   0.058*** 0.058*** 0.030 
   (0.018) (0.018) (0.031) 
Low Density:Year 13-17    0.044 0.105 
    (0.083) (0.098) 
LowDens:lnDist:y13-17     0.043 
     (0.038) 
Burning Index 0.002 0.002 0.002* 0.002* 0.002* 
 (0.001) (0.001) (0.001) (0.001) (0.001) 
Logged Acres 0.156*** 0.156*** 0.158*** 0.158*** 0.158*** 
 (0.010) (0.010) (0.010) (0.010) (0.010) 
Days Since Ignition -0.058*** -0.058*** -0.058*** -0.058*** -0.058*** 
 (0.002) (0.002) (0.002) (0.002) (0.002) 
Regional Preparedness Level 
1/2 
-0.156*** -0.155*** -0.159*** -0.160*** -0.160*** 
 (0.049) (0.049) (0.049) (0.049) (0.049) 
Regional Preparedness Level 
4/5 
0.181*** 0.181*** 0.172*** 0.172*** 0.171*** 
 (0.046) (0.046) (0.046) (0.046) (0.046) 
slope_sd_2 0.000 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 0.000 0.000 
 (0.001) (0.001) (0.001) (0.001) (0.001) 
Elevation (m) 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 0.577*** 0.577*** 0.573*** 0.571*** 0.572*** 
 (0.077) (0.077) (0.077) (0.077) (0.077) 
Southern California -0.174** -0.174** -0.160* -0.162* -0.164* 
 (0.084) (0.084) (0.084) (0.084) (0.084) 
Rocky Mountains 0.142* 0.143* 0.143* 0.144* 0.141* 
 (0.083) (0.084) (0.084) (0.084) (0.084) 
Southwest -0.314*** -0.313*** -0.310*** -0.312*** -0.316*** 
 (0.079) (0.079) (0.079) (0.079) (0.079) 
Northwest 0.542*** 0.543*** 0.554*** 0.554*** 0.554*** 
 (0.068) (0.068) (0.069) (0.069) (0.069) 
Great Basin -0.015 -0.015 -0.015 -0.017 -0.018 
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 (0.069) (0.069) (0.069) (0.069) (0.069) 
Year = 2009 -0.127 -0.129 -0.119 -0.120 -0.118 
 (0.108) (0.108) (0.108) (0.108) (0.108) 
Year = 2010 -0.172 -0.173 -0.157 -0.159 -0.159 
 (0.118) (0.118) (0.118) (0.117) (0.117) 
Year = 2011 0.019 0.017 0.041 0.039 0.041 
 (0.092) (0.092) (0.094) (0.093) (0.094) 
Year = 2012 -0.203** -0.205** -0.187** -0.189** -0.187** 
 (0.082) (0.082) (0.083) (0.083) (0.083) 
Year = 2013 0.081 0.080 0.178* 0.147 0.110 
 (0.089) (0.089) (0.098) (0.113) (0.117) 
Year = 2014 -0.013 -0.014 0.082 0.049 0.013 
 (0.088) (0.088) (0.095) (0.111) (0.115) 
Year = 2015 -0.324*** -0.327*** -0.221** -0.255** -0.294** 
 (0.087) (0.087) (0.095) (0.113) (0.119) 
Year = 2016 0.277*** 0.276*** 0.375*** 0.342*** 0.306*** 
 (0.088) (0.088) (0.096) (0.110) (0.114) 
Year = 2017 0.089 0.087 0.183* 0.151 0.113 
 (0.094) (0.094) (0.101) (0.115) (0.119) 







 (0.324) (0.323) (0.323) (0.324) (0.324) 
/lnalpha 1.909*** 1.909*** 1.906*** 1.906*** 1.906*** 
 (0.034) (0.034) (0.034) (0.034) (0.034) 
Constant -3.080*** -3.098*** -3.186*** -3.166*** -3.145*** 
 (0.159) (0.160) (0.165) (0.168) (0.169) 
      
Observations 50,579 50,579 50,579 50,579 50,579 





Table A9: Type 1-2 Engines 
 (1) (2) (3) (4) (5) 
   Dens   
VARIABLES Density Density:Dist Dist-Yr Dens:Year Dens:Dist:Yr 
      
Logged Distance (10k) -0.265*** -0.354*** -0.425*** -0.425*** -0.485*** 
 (0.023) (0.040) (0.044) (0.044) (0.059) 
Low Density -0.051 0.258 0.289 0.277 0.469* 
 (0.125) (0.190) (0.187) (0.229) (0.269) 
Low Density * ln(Dist 10k)  0.141*** 0.145*** 0.145*** 0.231*** 
  (0.048) (0.047) (0.047) (0.071) 
Logged Dist*yr13-17   0.133*** 0.133*** 0.246*** 
   (0.050) (0.050) (0.077) 
Low Density:Year 13-17    0.022 -0.348 
    (0.230) (0.343) 
LowDens:lnDist:y13-17     -0.171* 
     (0.091) 
Burning Index -0.004 -0.003 -0.003 -0.003 -0.003 
 (0.004) (0.004) (0.004) (0.004) (0.004) 
Logged Acres 0.205*** 0.215*** 0.224*** 0.224*** 0.228*** 
 (0.031) (0.031) (0.031) (0.031) (0.032) 
Days Since Ignition -0.095*** -0.095*** -0.095*** -0.095*** -0.095*** 
 (0.014) (0.014) (0.014) (0.014) (0.014) 
Regional Preparedness Level 
1/2 
-0.017 -0.017 -0.036 -0.037 -0.037 
 (0.223) (0.220) (0.222) (0.223) (0.223) 
Regional Preparedness Level 
4/5 
0.621*** 0.595*** 0.576*** 0.574*** 0.591*** 
 (0.164) (0.164) (0.167) (0.163) (0.162) 
slope_sd_2 0.001** 0.001* 0.001* 0.001* 0.001* 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Elevation (m) -0.000 -0.000 -0.000 -0.000 -0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 2.527*** 2.564*** 2.540*** 2.540*** 2.505*** 
 (0.321) (0.324) (0.321) (0.320) (0.320) 
Southern California 3.454*** 3.498*** 3.527*** 3.528*** 3.508*** 
 (0.329) (0.331) (0.332) (0.332) (0.332) 
Rocky Mountains 1.422*** 1.434*** 1.433*** 1.433*** 1.446*** 
 (0.456) (0.452) (0.454) (0.454) (0.453) 
Southwest 0.581* 0.586* 0.606* 0.605* 0.618* 
 (0.319) (0.320) (0.323) (0.322) (0.320) 
Northwest -1.506*** -1.505*** -1.443*** -1.442*** -1.450*** 
 (0.409) (0.410) (0.404) (0.405) (0.402) 
Great Basin 1.079*** 1.085*** 1.094*** 1.093*** 1.101*** 
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 (0.315) (0.316) (0.318) (0.317) (0.317) 
Year = 2009 0.035 0.093 0.189 0.188 0.216 
 (0.345) (0.342) (0.347) (0.349) (0.348) 
Year = 2010 -0.755*** -0.679** -0.569** -0.569** -0.544* 
 (0.283) (0.273) (0.290) (0.290) (0.286) 
Year = 2011 -0.446 -0.357 -0.213 -0.215 -0.183 
 (0.272) (0.268) (0.282) (0.277) (0.277) 
Year = 2012 -0.273 -0.215 -0.086 -0.087 -0.072 
 (0.356) (0.353) (0.355) (0.356) (0.354) 
Year = 2013 -0.041 0.034 0.374 0.358 0.635 
 (0.349) (0.343) (0.366) (0.386) (0.398) 
Year = 2014 -0.696*** -0.639*** -0.262 -0.278 -0.006 
 (0.249) (0.244) (0.276) (0.319) (0.364) 
Year = 2015 -0.157 -0.087 0.282 0.266 0.520 
 (0.247) (0.240) (0.304) (0.336) (0.372) 
Year = 2016 -0.259 -0.201 0.162 0.146 0.407 
 (0.274) (0.269) (0.317) (0.332) (0.366) 
Year = 2017 -0.130 -0.079 0.299 0.285 0.562 
 (0.283) (0.278) (0.313) (0.349) (0.386) 







 (0.544) (0.549) (0.573) (0.576) (0.581) 
/lnalpha 3.592*** 3.588*** 3.577*** 3.577*** 3.574*** 
 (0.094) (0.093) (0.094) (0.095) (0.095) 
Constant -4.770*** -5.207*** -5.560*** -5.552*** -5.717*** 
 (0.460) (0.488) (0.480) (0.482) (0.486) 
      
Observations 50,579 50,579 50,579 50,579 50,579 





Table A10: Type 3-7 Engines 
 (1) (2) (3) (4) (5) 
   Dens   
VARIABLES Density Density:Dist Dist-Yr Dens:Year Dens:Dist:Yr 
      
Logged Distance (10k) -0.053*** -0.058*** -0.076*** -0.076*** -0.092*** 
 (0.009) (0.016) (0.018) (0.018) (0.024) 
Low Density -0.064 -0.054 -0.050 -0.043 -0.008 
 (0.043) (0.052) (0.052) (0.064) (0.071) 
Low Density * ln(Dist 10k)  0.007 0.007 0.007 0.031 
  (0.018) (0.017) (0.017) (0.026) 
Logged Dist*yr13-17   0.034** 0.034** 0.064** 
   (0.016) (0.016) (0.030) 
Low Density:Year 13-17    -0.014 -0.082 
    (0.084) (0.103) 
LowDens:lnDist:y13-17     -0.045 
     (0.035) 
Burning Index -0.000 -0.000 -0.000 -0.000 -0.000 
 (0.001) (0.001) (0.001) (0.001) (0.001) 
Logged Acres 0.170*** 0.170*** 0.171*** 0.171*** 0.172*** 
 (0.008) (0.008) (0.008) (0.008) (0.008) 
Days Since Ignition -0.062*** -0.062*** -0.062*** -0.062*** -0.062*** 
 (0.002) (0.002) (0.002) (0.002) (0.002) 
Regional Preparedness Level 
1/2 
-0.072 -0.072 -0.072 -0.072 -0.072 
 (0.047) (0.047) (0.047) (0.047) (0.047) 
Regional Preparedness Level 
4/5 
0.206*** 0.206*** 0.198*** 0.198*** 0.197*** 
 (0.045) (0.045) (0.044) (0.045) (0.044) 
slope_sd_2 0.000 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Mean Slope -0.000 -0.000 -0.000 -0.000 -0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Elevation (m) -0.000*** -0.000*** -0.000*** -0.000*** -0.000*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 1.021*** 1.022*** 1.024*** 1.025*** 1.020*** 
 (0.082) (0.082) (0.082) (0.082) (0.082) 
Southern California 1.104*** 1.105*** 1.111*** 1.111*** 1.110*** 
 (0.088) (0.088) (0.088) (0.088) (0.088) 
Rocky Mountains 0.477*** 0.477*** 0.482*** 0.482*** 0.484*** 
 (0.096) (0.096) (0.097) (0.097) (0.097) 
Southwest -0.162** -0.162** -0.154* -0.154* -0.150* 
 (0.080) (0.080) (0.081) (0.080) (0.081) 
Northwest 0.128 0.128 0.136* 0.135* 0.134* 
 (0.079) (0.078) (0.079) (0.079) (0.079) 
Great Basin 0.287*** 0.287*** 0.292*** 0.292*** 0.293*** 
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 (0.073) (0.073) (0.073) (0.073) (0.073) 
Year = 2009 -0.334*** -0.334*** -0.326*** -0.325*** -0.326*** 
 (0.099) (0.099) (0.099) (0.099) (0.099) 
Year = 2010 0.003 0.005 0.024 0.025 0.031 
 (0.108) (0.108) (0.108) (0.107) (0.107) 
Year = 2011 -0.029 -0.027 -0.010 -0.010 -0.007 
 (0.083) (0.082) (0.082) (0.082) (0.082) 
Year = 2012 -0.080 -0.079 -0.064 -0.063 -0.060 
 (0.076) (0.076) (0.076) (0.077) (0.076) 
Year = 2013 -0.132* -0.130* -0.065 -0.056 -0.010 
 (0.080) (0.079) (0.084) (0.106) (0.113) 
Year = 2014 -0.158* -0.156* -0.091 -0.081 -0.035 
 (0.084) (0.083) (0.088) (0.108) (0.113) 
Year = 2015 -0.269*** -0.268*** -0.201** -0.191 -0.145 
 (0.085) (0.085) (0.094) (0.119) (0.127) 
Year = 2016 0.062 0.064 0.131 0.142 0.186 
 (0.085) (0.084) (0.089) (0.112) (0.118) 
Year = 2017 0.175** 0.175** 0.240*** 0.251** 0.301*** 
 (0.085) (0.085) (0.090) (0.108) (0.114) 







 (0.312) (0.312) (0.313) (0.313) (0.313) 
/lnalpha 2.156*** 2.156*** 2.155*** 2.155*** 2.155*** 
 (0.018) (0.018) (0.018) (0.018) (0.018) 
Constant -0.581*** -0.591*** -0.650*** -0.656*** -0.681*** 
 (0.140) (0.139) (0.142) (0.144) (0.144) 
      
Observations 50,579 50,579 50,579 50,579 50,579 





Table A11: Type 1 Helicopters 
 (1) (2) (3) (4) (5) 
   Dens   
VARIABLES Density Density:Dist Dist-Yr Dens:Year Dens:Dist:Yr 
      
Logged Distance (10k) -0.018* -0.022 -0.036* -0.037** -0.028 
 (0.010) (0.015) (0.018) (0.018) (0.022) 
Low Density 0.059 0.069 0.071 -0.065 -0.087 
 (0.041) (0.050) (0.051) (0.068) (0.075) 
Low Density * ln(Dist 10k)  0.006 0.007 0.010 -0.004 
  (0.017) (0.017) (0.017) (0.026) 
Logged Dist*yr13-17   0.022 0.023 0.006 
   (0.017) (0.016) (0.028) 
Low Density:Year 13-17    0.256*** 0.297*** 
    (0.082) (0.101) 
LowDens:lnDist:y13-17     0.025 
     (0.035) 
Burning Index 0.002* 0.002* 0.002* 0.002* 0.002* 
 (0.001) (0.001) (0.001) (0.001) (0.001) 
Logged Acres 0.153*** 0.153*** 0.153*** 0.153*** 0.153*** 
 (0.010) (0.010) (0.010) (0.010) (0.010) 
Days Since Ignition -0.080*** -0.080*** -0.080*** -0.080*** -0.080*** 
 (0.004) (0.004) (0.004) (0.004) (0.004) 
Regional Preparedness Level 
1/2 
-0.141*** -0.141*** -0.143*** -0.145*** -0.145*** 
 (0.048) (0.048) (0.048) (0.048) (0.048) 
Regional Preparedness Level 
4/5 
-0.028 -0.028 -0.031 -0.032 -0.031 
 (0.048) (0.048) (0.048) (0.048) (0.048) 
slope_sd_2 0.005*** 0.005*** 0.005*** 0.005*** 0.005*** 
 (0.001) (0.001) (0.001) (0.001) (0.001) 
Mean Slope 0.019*** 0.019*** 0.019*** 0.019*** 0.019*** 
 (0.006) (0.006) (0.006) (0.006) (0.006) 
Elevation (m) 0.000** 0.000** 0.000** 0.000** 0.000** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 0.624*** 0.625*** 0.626*** 0.622*** 0.622*** 
 (0.079) (0.079) (0.079) (0.079) (0.079) 
Southern California 0.773*** 0.774*** 0.777*** 0.776*** 0.775*** 
 (0.077) (0.077) (0.077) (0.077) (0.077) 
Rocky Mountains 0.382*** 0.382*** 0.385*** 0.387*** 0.386*** 
 (0.089) (0.089) (0.089) (0.089) (0.089) 
Southwest -0.327*** -0.328*** -0.326*** -0.328*** -0.329*** 
 (0.097) (0.097) (0.097) (0.097) (0.097) 
Northwest 0.315*** 0.316*** 0.319*** 0.320*** 0.320*** 
 (0.074) (0.074) (0.074) (0.075) (0.075) 
Great Basin -0.146* -0.145* -0.144* -0.150* -0.151* 
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 (0.080) (0.080) (0.080) (0.080) (0.080) 
Year = 2009 0.059 0.058 0.065 0.059 0.062 
 (0.101) (0.101) (0.101) (0.101) (0.101) 
Year = 2010 0.023 0.024 0.033 0.034 0.033 
 (0.110) (0.110) (0.111) (0.110) (0.110) 
Year = 2011 -0.078 -0.078 -0.066 -0.068 -0.068 
 (0.102) (0.102) (0.103) (0.103) (0.103) 
Year = 2012 0.025 0.025 0.035 0.032 0.032 
 (0.085) (0.085) (0.086) (0.086) (0.086) 
Year = 2013 0.074 0.074 0.117 -0.062 -0.088 
 (0.092) (0.092) (0.099) (0.113) (0.119) 
Year = 2014 0.067 0.067 0.111 -0.075 -0.102 
 (0.093) (0.093) (0.100) (0.114) (0.120) 
Year = 2015 -0.002 -0.002 0.044 -0.142 -0.170 
 (0.090) (0.090) (0.098) (0.112) (0.119) 
Year = 2016 0.200** 0.200** 0.244** 0.065 0.039 
 (0.090) (0.090) (0.096) (0.109) (0.115) 
Year = 2017 0.374*** 0.374*** 0.421*** 0.244** 0.216* 
 (0.096) (0.096) (0.104) (0.116) (0.121) 







 (0.337) (0.337) (0.337) (0.338) (0.338) 
/lnalpha 1.312*** 1.312*** 1.311*** 1.308*** 1.308*** 
 (0.052) (0.052) (0.052) (0.052) (0.052) 
Constant -3.715*** -3.723*** -3.759*** -3.660*** -3.644*** 
 (0.197) (0.196) (0.197) (0.198) (0.199) 
      
Observations 50,579 50,579 50,579 50,579 50,579 





Table A12: Type 2 Helicopters 
 (1) (2) (3) (4) (5) 
   Dens   
VARIABLES Density Density:Dist Dist-Yr Dens:Year Dens:Dist:Yr 
      
Logged Distance (10k) -0.048*** -0.020 -0.019 -0.020 -0.028 
 (0.009) (0.014) (0.017) (0.017) (0.021) 
Low Density 0.155*** 0.078 0.078 0.021 0.040 
 (0.039) (0.048) (0.049) (0.064) (0.072) 
Low Density * ln(Dist 10k)  -0.041** -0.041** -0.040** -0.029 
  (0.016) (0.016) (0.016) (0.024) 
Logged Dist*yr13-17   -0.000 0.000 0.014 
   (0.015) (0.015) (0.027) 
Low Density:Year 13-17    0.108 0.071 
    (0.077) (0.097) 
LowDens:lnDist:y13-17     -0.020 
     (0.032) 
Burning Index 0.004*** 0.004*** 0.004*** 0.004*** 0.004*** 
 (0.001) (0.001) (0.001) (0.001) (0.001) 
Logged Acres 0.080*** 0.080*** 0.080*** 0.080*** 0.080*** 
 (0.008) (0.008) (0.008) (0.008) (0.008) 
Days Since Ignition -0.068*** -0.068*** -0.068*** -0.069*** -0.069*** 
 (0.003) (0.003) (0.003) (0.003) (0.003) 
Regional Preparedness Level 
1/2 
0.042 0.042 0.042 0.040 0.040 
 (0.043) (0.043) (0.043) (0.043) (0.043) 
Regional Preparedness Level 
4/5 
-0.076 -0.077* -0.077* -0.077* -0.078* 
 (0.047) (0.047) (0.047) (0.047) (0.047) 
slope_sd_2 0.000 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Elevation (m) -0.000 -0.000 -0.000 -0.000 -0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 0.968*** 0.965*** 0.965*** 0.962*** 0.963*** 
 (0.072) (0.072) (0.072) (0.072) (0.072) 
Southern California 1.172*** 1.171*** 1.171*** 1.171*** 1.172*** 
 (0.071) (0.071) (0.071) (0.071) (0.071) 
Rocky Mountains -0.646*** -0.647*** -0.647*** -0.647*** -0.646*** 
 (0.102) (0.102) (0.102) (0.102) (0.102) 
Southwest -0.881*** -0.881*** -0.881*** -0.882*** -0.881*** 
 (0.091) (0.091) (0.091) (0.091) (0.091) 
Northwest 0.310*** 0.303*** 0.303*** 0.302*** 0.302*** 
 (0.071) (0.070) (0.070) (0.070) (0.070) 
Great Basin -0.308*** -0.312*** -0.312*** -0.316*** -0.315*** 
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 (0.075) (0.075) (0.075) (0.075) (0.075) 
Year = 2009 -0.089 -0.081 -0.081 -0.082 -0.085 
 (0.088) (0.088) (0.088) (0.088) (0.088) 
Year = 2010 0.171* 0.171* 0.171* 0.172* 0.172* 
 (0.096) (0.096) (0.096) (0.096) (0.096) 
Year = 2011 0.214** 0.215** 0.215** 0.215** 0.214** 
 (0.086) (0.086) (0.087) (0.087) (0.087) 
Year = 2012 0.129* 0.130* 0.130* 0.127* 0.127* 
 (0.073) (0.073) (0.074) (0.074) (0.074) 
Year = 2013 0.108 0.108 0.108 0.030 0.054 
 (0.082) (0.081) (0.088) (0.104) (0.112) 
Year = 2014 0.068 0.068 0.068 -0.012 0.012 
 (0.079) (0.079) (0.087) (0.103) (0.111) 
Year = 2015 0.014 0.017 0.017 -0.063 -0.038 
 (0.078) (0.077) (0.084) (0.101) (0.110) 
Year = 2016 0.221*** 0.219*** 0.219** 0.143 0.166 
 (0.079) (0.079) (0.086) (0.100) (0.108) 
Year = 2017 0.149* 0.154* 0.154* 0.079 0.104 
 (0.085) (0.085) (0.093) (0.108) (0.115) 







 (0.319) (0.319) (0.320) (0.320) (0.320) 
/lnalpha 1.118*** 1.118*** 1.118*** 1.118*** 1.117*** 
 (0.049) (0.049) (0.049) (0.049) (0.049) 
Constant -2.853*** -2.790*** -2.790*** -2.749*** -2.760*** 
 (0.144) (0.145) (0.147) (0.150) (0.152) 
      
Observations 50,579 50,579 50,579 50,579 50,579 





Table A13: Type 3 Helicopters 
 (1) (2) (3) (4) (5) 
   Dens   
VARIABLES Density Density:Dist Dist-Yr Dens:Year Dens:Dist:Yr 
      
Logged Distance (10k) 0.005 0.010 0.005 0.004 0.021 
 (0.010) (0.017) (0.019) (0.019) (0.025) 
Low Density 0.064* 0.055 0.055 0.025 -0.004 
 (0.038) (0.043) (0.043) (0.060) (0.064) 
Low Density * ln(Dist 10k)  -0.007 -0.007 -0.006 -0.030 
  (0.019) (0.019) (0.019) (0.028) 
Logged Dist*yr13-17   0.009 0.009 -0.020 
   (0.017) (0.017) (0.033) 
Low Density:Year 13-17    0.057 0.110 
    (0.076) (0.087) 
LowDens:lnDist:y13-17     0.043 
     (0.039) 
Burning Index 0.005*** 0.005*** 0.005*** 0.005*** 0.005*** 
 (0.001) (0.001) (0.001) (0.001) (0.001) 
Logged Acres 0.106*** 0.105*** 0.106*** 0.106*** 0.106*** 
 (0.008) (0.008) (0.008) (0.008) (0.008) 
Days Since Ignition -0.056*** -0.056*** -0.056*** -0.056*** -0.056*** 
 (0.003) (0.003) (0.003) (0.003) (0.003) 
Regional Preparedness Level 
1/2 
-0.034 -0.034 -0.035 -0.035 -0.034 
 (0.043) (0.043) (0.043) (0.043) (0.043) 
Regional Preparedness Level 
4/5 
-0.091** -0.091** -0.092** -0.092** -0.091** 
 (0.045) (0.045) (0.045) (0.045) (0.045) 
slope_sd_2 0.000 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Mean Slope -0.000 -0.000 -0.000 -0.000 -0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Elevation (m) 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 0.187** 0.186** 0.186** 0.186** 0.185** 
 (0.081) (0.081) (0.081) (0.081) (0.081) 
Southern California 0.082 0.082 0.083 0.083 0.082 
 (0.082) (0.082) (0.082) (0.082) (0.082) 
Rocky Mountains 0.471*** 0.471*** 0.471*** 0.472*** 0.471*** 
 (0.078) (0.078) (0.078) (0.078) (0.078) 
Southwest 0.001 0.002 0.002 0.002 0.001 
 (0.077) (0.077) (0.077) (0.077) (0.077) 
Northwest 0.177** 0.176** 0.177** 0.177** 0.178** 
 (0.070) (0.070) (0.070) (0.070) (0.070) 
Great Basin 0.278*** 0.277*** 0.278*** 0.277*** 0.277*** 
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 (0.068) (0.068) (0.068) (0.068) (0.068) 
Year = 2009 -0.127 -0.127 -0.124 -0.125 -0.123 
 (0.090) (0.090) (0.091) (0.091) (0.091) 
Year = 2010 0.078 0.078 0.081 0.079 0.078 
 (0.093) (0.093) (0.093) (0.093) (0.093) 
Year = 2011 -0.119 -0.119 -0.115 -0.116 -0.116 
 (0.085) (0.085) (0.086) (0.086) (0.086) 
Year = 2012 -0.041 -0.041 -0.038 -0.040 -0.041 
 (0.075) (0.075) (0.075) (0.075) (0.075) 
Year = 2013 0.123 0.123 0.137 0.098 0.064 
 (0.080) (0.080) (0.086) (0.101) (0.105) 
Year = 2014 0.221*** 0.221*** 0.234*** 0.193* 0.159 
 (0.080) (0.080) (0.085) (0.103) (0.106) 
Year = 2015 0.069 0.069 0.084 0.042 0.006 
 (0.080) (0.080) (0.085) (0.103) (0.107) 
Year = 2016 0.160** 0.159** 0.173** 0.134 0.101 
 (0.077) (0.077) (0.082) (0.097) (0.101) 
Year = 2017 0.299*** 0.300*** 0.314*** 0.275** 0.239** 
 (0.092) (0.091) (0.095) (0.110) (0.111) 







 (0.320) (0.320) (0.320) (0.320) (0.320) 
/lnalpha 0.011 0.011 0.010 0.011 0.011 
 (0.110) (0.110) (0.110) (0.110) (0.110) 
Constant -3.434*** -3.426*** -3.437*** -3.414*** -3.396*** 
 (0.146) (0.147) (0.149) (0.152) (0.153) 
      
Observations 50,579 50,579 50,579 50,579 50,579 





Table A14: Smaller Aircrafts 
 (1) (2) (3) (4) (5) 
   Dens   
VARIABLES Density Density:Dist Dist-Yr Dens:Year Dens:Dist:Yr 
      
Logged Distance (10k) 0.032*** 0.079*** 0.008 0.008 -0.024 
 (0.011) (0.020) (0.023) (0.023) (0.030) 
Low Density 0.029 -0.069 -0.058 -0.056 0.015 
 (0.052) (0.063) (0.062) (0.079) (0.088) 
Low Density * ln(Dist 10k)  -0.067*** -0.066*** -0.066*** -0.019 
  (0.022) (0.022) (0.022) (0.034) 
Logged Dist*yr13-17   0.131*** 0.131*** 0.188*** 
   (0.020) (0.020) (0.038) 
Low Density:Year 13-17    -0.004 -0.129 
    (0.100) (0.124) 
LowDens:lnDist:y13-17     -0.085* 
     (0.044) 
Burning Index 0.010*** 0.010*** 0.010*** 0.010*** 0.010*** 
 (0.002) (0.002) (0.002) (0.002) (0.002) 
Logged Acres 0.154*** 0.152*** 0.157*** 0.157*** 0.157*** 
 (0.010) (0.010) (0.010) (0.010) (0.010) 
Days Since Ignition -0.106*** -0.106*** -0.106*** -0.106*** -0.106*** 
 (0.004) (0.004) (0.004) (0.004) (0.004) 
Regional Preparedness Level 
1/2 
-0.054 -0.058 -0.064 -0.064 -0.062 
 (0.053) (0.052) (0.053) (0.053) (0.053) 
Regional Preparedness Level 
4/5 
0.261*** 0.265*** 0.238*** 0.238*** 0.237*** 
 (0.060) (0.060) (0.060) (0.060) (0.060) 
slope_sd_2 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Elevation (m) -0.000** -0.000** -0.000*** -0.000*** -0.000*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 1.052*** 1.046*** 1.044*** 1.044*** 1.036*** 
 (0.106) (0.106) (0.106) (0.106) (0.106) 
Southern California 1.720*** 1.717*** 1.734*** 1.734*** 1.733*** 
 (0.102) (0.102) (0.102) (0.102) (0.102) 
Rocky Mountains 0.591*** 0.589*** 0.610*** 0.610*** 0.610*** 
 (0.110) (0.110) (0.111) (0.111) (0.111) 
Southwest -0.500*** -0.500*** -0.477*** -0.477*** -0.476*** 
 (0.115) (0.115) (0.116) (0.116) (0.116) 
Northwest 0.193* 0.182* 0.196* 0.196* 0.193* 
 (0.104) (0.103) (0.103) (0.103) (0.103) 
Great Basin 0.945*** 0.940*** 0.954*** 0.954*** 0.953*** 
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 (0.095) (0.094) (0.095) (0.095) (0.095) 
Year = 2009 -0.841*** -0.834*** -0.827*** -0.827*** -0.832*** 
 (0.120) (0.121) (0.121) (0.121) (0.121) 
Year = 2010 -0.743*** -0.753*** -0.681*** -0.681*** -0.676*** 
 (0.128) (0.128) (0.130) (0.130) (0.130) 
Year = 2011 -0.518*** -0.527*** -0.457*** -0.457*** -0.453*** 
 (0.114) (0.114) (0.116) (0.115) (0.115) 
Year = 2012 -0.465*** -0.473*** -0.416*** -0.416*** -0.410*** 
 (0.103) (0.103) (0.104) (0.104) (0.103) 
Year = 2013 -0.182* -0.187* 0.063 0.065 0.152 
 (0.109) (0.110) (0.117) (0.135) (0.142) 
Year = 2014 -0.219* -0.225* 0.010 0.013 0.098 
 (0.115) (0.115) (0.123) (0.144) (0.151) 
Year = 2015 -0.050 -0.059 0.202* 0.205 0.288** 
 (0.109) (0.109) (0.116) (0.134) (0.141) 
Year = 2016 0.279** 0.274** 0.514*** 0.517*** 0.601*** 
 (0.113) (0.114) (0.120) (0.135) (0.141) 
Year = 2017 0.217 0.212 0.464*** 0.466*** 0.554*** 
 (0.134) (0.134) (0.142) (0.156) (0.162) 







 (0.351) (0.351) (0.353) (0.353) (0.353) 
/lnalpha 2.339*** 2.337*** 2.328*** 2.328*** 2.327*** 
 (0.033) (0.033) (0.034) (0.034) (0.033) 
Constant -2.998*** -2.901*** -3.106*** -3.107*** -3.157*** 
 (0.183) (0.183) (0.184) (0.186) (0.186) 
      
Observations 50,579 50,579 50,579 50,579 50,579 





Table A15: Large Airtankers 
 (1) (2) (3) (4) (5) 
   Dens   
VARIABLES Density Density:Dist Dist-Yr Dens:Year Dens:Dist:Yr 
      
Logged Distance (10k) -0.010 0.015 -0.009 -0.012 -0.000 
 (0.011) (0.018) (0.021) (0.021) (0.027) 
Low Density 0.105** 0.050 0.052 -0.082 -0.106 
 (0.050) (0.061) (0.061) (0.078) (0.086) 
Low Density * ln(Dist 10k)  -0.037* -0.036* -0.034 -0.051 
  (0.021) (0.021) (0.021) (0.031) 
Logged Dist*yr13-17   0.044** 0.046** 0.026 
   (0.020) (0.020) (0.036) 
Low Density:Year 13-17    0.261*** 0.305** 
    (0.098) (0.121) 
LowDens:lnDist:y13-17     0.030 
     (0.042) 
Burning Index 0.009*** 0.009*** 0.009*** 0.009*** 0.009*** 
 (0.001) (0.001) (0.001) (0.001) (0.001) 
Logged Acres 0.224*** 0.223*** 0.225*** 0.224*** 0.224*** 
 (0.012) (0.012) (0.012) (0.012) (0.012) 
Days Since Ignition -0.077*** -0.077*** -0.077*** -0.078*** -0.078*** 
 (0.003) (0.003) (0.003) (0.003) (0.003) 
Regional Preparedness Level 
1/2 
-0.458*** -0.460*** -0.460*** -0.464*** -0.464*** 
 (0.052) (0.052) (0.052) (0.052) (0.052) 
Regional Preparedness Level 
4/5 
0.137*** 0.137** 0.131** 0.127** 0.126** 
 (0.053) (0.053) (0.053) (0.053) (0.053) 
slope_sd_2 0.002*** 0.002*** 0.002*** 0.002*** 0.002*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Mean Slope 0.006*** 0.007*** 0.007*** 0.007*** 0.007*** 
 (0.001) (0.001) (0.001) (0.001) (0.001) 
Elevation (m) 0.000** 0.000** 0.000** 0.000** 0.000** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 0.533*** 0.529*** 0.527*** 0.514*** 0.515*** 
 (0.101) (0.101) (0.101) (0.101) (0.101) 
Southern California 1.429*** 1.427*** 1.432*** 1.438*** 1.438*** 
 (0.095) (0.095) (0.095) (0.096) (0.096) 
Rocky Mountains 0.097 0.092 0.089 0.091 0.089 
 (0.103) (0.103) (0.102) (0.103) (0.103) 
Southwest -0.123 -0.121 -0.118 -0.125 -0.127 
 (0.095) (0.095) (0.096) (0.096) (0.096) 
Northwest -0.006 -0.012 -0.003 -0.004 -0.004 
 (0.089) (0.089) (0.089) (0.089) (0.089) 
Great Basin -0.080 -0.082 -0.085 -0.096 -0.096 
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 (0.088) (0.088) (0.088) (0.087) (0.087) 
Year = 2009 -0.469*** -0.468*** -0.463*** -0.482*** -0.481*** 
 (0.113) (0.113) (0.114) (0.114) (0.114) 
Year = 2010 -0.285** -0.292** -0.280* -0.298** -0.301** 
 (0.144) (0.144) (0.144) (0.142) (0.142) 
Year = 2011 -0.384*** -0.389*** -0.372*** -0.387*** -0.388*** 
 (0.109) (0.108) (0.109) (0.109) (0.109) 
Year = 2012 -0.741*** -0.743*** -0.735*** -0.752*** -0.753*** 
 (0.099) (0.099) (0.099) (0.099) (0.099) 
Year = 2013 -0.510*** -0.511*** -0.437*** -0.624*** -0.653*** 
 (0.108) (0.108) (0.115) (0.131) (0.140) 
Year = 2014 -0.526*** -0.530*** -0.455*** -0.657*** -0.686*** 
 (0.116) (0.116) (0.123) (0.143) (0.151) 
Year = 2015 -0.451*** -0.453*** -0.377*** -0.565*** -0.594*** 
 (0.104) (0.104) (0.112) (0.134) (0.144) 
Year = 2016 -0.043 -0.046 0.029 -0.170 -0.198 
 (0.112) (0.112) (0.118) (0.135) (0.145) 
Year = 2017 -0.314*** -0.311** -0.232* -0.427*** -0.458*** 
 (0.121) (0.121) (0.128) (0.149) (0.156) 







 (0.341) (0.342) (0.342) (0.342) (0.342) 
/lnalpha 2.413*** 2.412*** 2.411*** 2.411*** 2.411*** 
 (0.031) (0.031) (0.031) (0.031) (0.031) 
Constant -3.444*** -3.391*** -3.451*** -3.354*** -3.339*** 
 (0.176) (0.176) (0.179) (0.182) (0.184) 
      
Observations 50,579 50,579 50,579 50,579 50,579 





Table A16: 2010 Robustness 











       
Logged Distance (10k) -0.025 -
0.075*** 
-0.023 -0.075*** 0.112** -0.027 
 (0.028) (0.015) (0.028) (0.015) (0.048) (0.024) 
Burning Index 0.002 0.009*** 0.002 0.009*** 0.003 0.009*** 
 (0.005) (0.002) (0.005) (0.002) (0.005) (0.002) 
Logged Acres 0.131*** 0.151*** 0.138*** 0.151*** 0.111*** 0.149*** 
 (0.025) (0.013) (0.026) (0.012) (0.026) (0.012) 







 (0.010) (0.007) (0.009) (0.007) (0.009) (0.007) 
Regional Preparedness 
Level 1/2 
-0.044 -0.146** -0.063 -0.138** 0.034 -0.130** 
 (0.125) (0.066) (0.126) (0.066) (0.127) (0.064) 
Regional Preparedness 
Level 4/5 
-0.207 0.531*** -0.215 0.528*** -0.119 0.551*** 
 (0.202) (0.097) (0.202) (0.096) (0.205) (0.094) 
Slope SD 0.003 0.000 -0.005 0.000 -0.009 0.000 
 (0.026) (0.000) (0.026) (0.000) (0.026) (0.000) 
Mean Slope 0.001 0.000 0.004 0.000 0.004 0.000 
 (0.008) (0.000) (0.008) (0.000) (0.008) (0.000) 
Elevation (m) -0.000** -0.000** -0.000*** -0.000*** -0.000** -0.000*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
Large Airtanker 0.912*** 0.490*** 0.915*** 0.489*** 0.894*** 0.487*** 
 (0.139) (0.063) (0.139) (0.063) (0.139) (0.063) 
Smaller Aircraft 0.439*** 0.023 0.451*** 0.024 0.426*** 0.024 
 (0.128) (0.064) (0.127) (0.064) (0.127) (0.064) 
Type 1-2 Engines -0.111 -
0.243*** 
-0.105 -0.253*** -0.200 -0.256*** 
 (0.183) (0.092) (0.183) (0.092) (0.180) (0.092) 
Type 1 Crews 0.187 -
0.238*** 
0.194 -0.240*** 0.162 -0.239*** 
 (0.138) (0.073) (0.137) (0.073) (0.139) (0.073) 
Type 1 Helicopter 0.121 -
0.348*** 
0.125 -0.350*** 0.113 -0.350*** 
 (0.130) (0.066) (0.130) (0.066) (0.131) (0.066) 
Type 2 Helicopter 0.282** -
0.176*** 
0.289** -0.174*** 0.280** -0.172*** 
 (0.119) (0.063) (0.118) (0.064) (0.118) (0.064) 
Type 2 IA Crews 0.689*** 0.377*** 0.693*** 0.375*** 0.685*** 0.377*** 
 (0.133) (0.063) (0.133) (0.063) (0.134) (0.063) 
Type 3-7 Engine 2.608*** 2.185*** 2.611*** 2.184*** 2.580*** 2.185*** 
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 (0.116) (0.056) (0.115) (0.056) (0.114) (0.056) 
Type 3 Helicopter 0.324** -
0.253*** 
0.326** -0.253*** 0.313** -0.255*** 
 (0.131) (0.064) (0.130) (0.064) (0.132) (0.065) 
Northern California 1.291*** 1.079*** 1.274*** 1.064*** 1.241*** 1.009*** 
 (0.306) (0.179) (0.303) (0.178) (0.299) (0.169) 
Southern California 1.349*** 1.386*** 1.370*** 1.379*** 1.394*** 1.328*** 
 (0.237) (0.155) (0.238) (0.156) (0.236) (0.149) 
Rocky Mountains 0.344 0.155 0.394 0.141 0.433* 0.123 
 (0.251) (0.138) (0.255) (0.138) (0.254) (0.139) 
Southwest 0.105 -0.293** 0.082 -0.319** 0.153 -0.359*** 
 (0.264) (0.137) (0.266) (0.137) (0.265) (0.133) 
Northwest -0.094 0.193 -0.119 0.186 0.011 0.147 
 (0.243) (0.150) (0.243) (0.150) (0.240) (0.146) 
Great Basin 0.311 0.017 0.286 -0.005 0.419* -0.018 
 (0.228) (0.133) (0.228) (0.132) (0.227) (0.133) 
year==  2010.0000  0.074  0.076   
  (0.081)  (0.081)   
year==  2011.0000  0.071  0.078   
  (0.066)  (0.067)   
/lnalpha 2.342*** 2.313*** 2.342*** 2.311*** 2.329*** 2.310*** 
 (0.082) (0.043) (0.082) (0.043) (0.079) (0.043) 
Low Density   -0.178 -0.160*** -
0.396*** 
-0.269*** 
   (0.118) (0.060) (0.129) (0.069) 
Low Density * ln(Dist 
10k) 
    -
0.215*** 
-0.076*** 








 (0.470) (0.237) (0.487) (0.235) (0.474) (0.229) 
       
Observations 27,450 109,120 27,450 109,120 27,450 109,120 





Table A17: Severe Fire Years 
 (1) (2) (3) 
VARIABLES Severe Severe-Density Severe-Dens:Dist 
    
Logged Distance (10k) -0.064*** -0.064*** -0.102*** 
 (0.009) (0.009) (0.018) 
Low Density  0.004 0.110** 
  (0.044) (0.050) 
Low Density * ln(Dist 10k)   0.054*** 
   (0.020) 
Burning Index -0.006*** -0.006*** -0.006*** 
 (0.001) (0.001) (0.001) 
Logged Acres 0.146*** 0.146*** 0.148*** 
 (0.009) (0.009) (0.009) 
Days Since Ignition -0.065*** -0.065*** -0.065*** 
 (0.002) (0.002) (0.002) 
Regional Preparedness Level 1/2 0.046 0.046 0.046 
 (0.054) (0.054) (0.054) 
Regional Preparedness Level 4/5 0.211*** 0.210*** 0.202*** 
 (0.043) (0.043) (0.042) 
Slope SD 0.000** 0.000* 0.000* 
 (0.000) (0.000) (0.000) 
Mean Slope 0.000 0.000 0.000 
 (0.000) (0.000) (0.000) 
Elevation (m) -0.000 -0.000 -0.000 
 (0.000) (0.000) (0.000) 
Large Airtanker 0.193*** 0.193*** 0.194*** 
 (0.044) (0.044) (0.044) 
Smaller Aircraft 0.104** 0.104** 0.108** 
 (0.044) (0.044) (0.044) 
Type 1-2 Engines -0.226*** -0.225*** -0.237*** 
 (0.077) (0.077) (0.074) 
Type 1 Crews -0.529*** -0.529*** -0.528*** 
 (0.050) (0.050) (0.050) 
Type 1 Helicopter -0.560*** -0.560*** -0.560*** 
 (0.044) (0.044) (0.044) 
Type 2 Helicopter -0.473*** -0.473*** -0.470*** 
 (0.043) (0.043) (0.043) 
Type 2 IA Crews 0.047 0.047 0.047 
 (0.043) (0.043) (0.043) 
Type 3-7 Engine 2.019*** 2.019*** 2.019*** 
 (0.040) (0.040) (0.040) 
Type 3 Helicopter -0.619*** -0.619*** -0.618*** 
 (0.044) (0.044) (0.044) 
Northern California 1.412*** 1.412*** 1.416*** 
 (0.062) (0.062) (0.062) 
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Southern California 1.770*** 1.771*** 1.784*** 
 (0.073) (0.073) (0.073) 
Rocky Mountains 0.398*** 0.397*** 0.398*** 
 (0.080) (0.080) (0.080) 
Southwest 0.211*** 0.211*** 0.189** 
 (0.078) (0.078) (0.077) 
Northwest 0.460*** 0.460*** 0.466*** 
 (0.055) (0.055) (0.055) 
Great Basin 0.434*** 0.434*** 0.437*** 
 (0.057) (0.057) (0.057) 
/lnalpha 2.367*** 2.367*** 2.366*** 
 (0.021) (0.021) (0.021) 
Constant -2.656*** -2.659*** -2.773*** 
 (0.139) (0.147) (0.143) 
    
Observations 237,550 237,550 237,550 






Table 1C below shows the full results of regressions run on 5 resource types with no acres 
variable. This variable was removed in order to obtain more accurate burning index coefficients 
for use in the discussion section. Each column displays the results of separate regressions run on 
the resource type indicated. 
 
Table A18: Resource Counts Excluding Area 
 (1) (2) (3) (4) (5) 








      
Logged Distance (10k) -0.015 -0.233*** -0.035*** -0.011 -0.044*** 
 (0.012) (0.022) (0.008) (0.010) (0.009) 
Low Density 0.114** -0.008 -0.065 0.055 0.171*** 
 (0.053) (0.129) (0.044) (0.041) (0.039) 
Burning Index 0.007*** 0.002 0.003** 0.005*** 0.006*** 
 (0.002) (0.004) (0.001) (0.001) (0.001) 
Days Since Ignition -0.062*** -0.090*** -0.056*** -0.072*** -0.065*** 
 (0.003) (0.014) (0.002) (0.003) (0.003) 
Preparedness Level 1/2 -0.180*** -0.141 -0.171*** -0.186*** 0.021 
 (0.060) (0.239) (0.049) (0.048) (0.043) 
Preparedness Level 4/5 0.537*** 0.542*** 0.256*** 0.032 -0.044 
 (0.058) (0.162) (0.045) (0.049) (0.047) 
Standard Deviation of Slope -0.000 0.001** 0.000 0.005*** 0.000 
 (0.000) (0.000) (0.000) (0.001) (0.000) 
Mean Slope -0.000 0.000* 0.000 0.018*** 0.000 
 (0.000) (0.000) (0.000) (0.005) (0.000) 
Elevation (m) -0.000*** -0.000 -0.000*** 0.000 -0.000** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Northern California 0.982*** 2.454*** 0.891*** 0.533*** 0.919*** 
 (0.109) (0.330) (0.084) (0.079) (0.071) 
Southern California 1.127*** 3.599*** 1.170*** 0.746*** 1.154*** 
 (0.107) (0.350) (0.094) (0.076) (0.071) 
Rocky Mountains 0.342*** 1.427*** 0.491*** 0.383*** -0.637*** 
 (0.120) (0.470) (0.098) (0.089) (0.103) 
Southwest 0.676*** 0.686** -0.019 -0.240** -0.827*** 
 (0.103) (0.333) (0.084) (0.096) (0.092) 
Northwest 1.449*** -1.391*** 0.168** 0.317*** 0.311*** 
 (0.094) (0.401) (0.080) (0.074) (0.071) 
Great Basin 0.412*** 0.868*** 0.194*** -0.158** -0.310*** 
 (0.101) (0.315) (0.075) (0.080) (0.075) 
Year = 2009 -0.461*** 0.125 -0.236** 0.102 -0.079 
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 (0.110) (0.358) (0.097) (0.102) (0.088) 
Year = 2010 -0.833*** -0.687** 0.054 0.028 0.179* 
 (0.137) (0.311) (0.112) (0.109) (0.096) 
Year = 2011 -0.521*** -0.160 0.141* -0.019 0.239*** 
 (0.110) (0.317) (0.084) (0.103) (0.087) 
Year = 2012 -0.398*** -0.067 0.132* 0.112 0.174** 
 (0.097) (0.374) (0.075) (0.085) (0.073) 
Year = 2013 -0.613*** -0.296 -0.138* 0.054 0.104 
 (0.104) (0.304) (0.075) (0.091) (0.082) 
Year = 2014 -0.589*** -0.557** -0.025 0.097 0.093 
 (0.105) (0.268) (0.082) (0.093) (0.079) 
Year = 2015 -0.457*** 0.215 -0.002 0.092 0.070 
 (0.103) (0.261) (0.086) (0.090) (0.078) 
Year = 2016 -0.435*** -0.064 0.266*** 0.235*** 0.256*** 
 (0.107) (0.300) (0.087) (0.090) (0.080) 
Year = 2017 -0.008 0.076 0.404*** 0.476*** 0.216** 
 (0.122) (0.275) (0.085) (0.096) (0.085) 
Year = 2018 -16.933*** -15.371*** -14.094*** -10.976*** -15.653*** 
 (0.328) (0.549) (0.311) (0.333) (0.318) 
Constant -2.212*** -3.561*** 0.454*** -2.673*** -2.339*** 
 (0.168) (0.462) (0.133) (0.172) (0.129) 
/lnalpha 2.378*** 3.677*** 2.216*** 1.414*** 1.150*** 
 (0.035) (0.090) (0.018) (0.050) (0.048) 
      
Observations 50,579 50,579 50,579 50,579 50,579 
lnalpha 2.378 3.677 2.216 1.414 1.150 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
